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ABSTRACT
T he north-central part o f  the  3.5 to 3.2 G a Barberton greenstone belt, 
southw est o f  the town o f  B arberton, contains both the  northern and southern 
facies o f  the Swaziland Supergroup including, from base to top, the 
Onverwacht, Fig Tree, and M oodies Groups. The facies are divided by the 
Inyoka Fault, a m ajor thrust fau lt that was reactivated by dextral shearing.
The two facies o f Fig Tree and M oodies strata appear to be laterally 
g r a d a t io n a l .
The M oodies Group, a 2800+ m sequence o f  predom inantly lithic arenite, 
sublitharenite , and arkosic aren ite  was studied in  four large, structurally  
isolated blocks in the north-central part o f greenstone belt: the M oodies H ills, 
Saddleback Syncline, Maid o f the M ist M ountain Syncline, and Pow erline Road 
Syncline. The northern facies w as derived from two provenances: the
underly ing  g reenstone and a  g ran itic /m etam orphic  terrane . The c ry sta llin e
terrane may have been a part o f  the Ancient Gneiss Complex. South o f the
Inyoka Fault, strata are solely composed o f m aterial eroded from the 
greenstone belt. The upper part o f  the M oodies Group was probably derived 
from rew orked, cannabalized, o lder M oodies strata. Petrographic and 
stratigraphic evidence suggests that the M oodies Group was deposited in a
xiii
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foreland basin form ed by thrust faulting  and uplift o f  the  greenstone belt in 
the  southeast. T he depositional basin deepened to the north.
M ultip le stages o f  large-scale lateral tectonics affected the Barberton 
greenstone belt. T hrust faulting and nappe form ing throughout the belt (D j 
and 2 ) accom panied deposition o f  the F ig  T ree Group. F u rther th rust faulting 
and folding (D3) follow ing deposition o f  the M oodies. A fter em placem ent o f 
the  Kaap Valley pluton (D4), the area was further disrupted by predom inantly 
dextral folds and faults (D s ). The final stage o f  structural developm ent 
resu lted  in approxim ately  north-south  strik ing , vertica lly  d ipp ing  faults (D6) .
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INTRODUCTION
1
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IN TRODU CTIO N
M odels and understanding o f the developm ent of the earliest crust 
prim arily  depend on the inform ation obtained from the Earth's o ldest 
preserved rocks. The Early Archean greenstone belts provide the greatest 
wealth o f  such information and it seems clear that a detailed understanding of 
the evolution of Early Archean greenstone belts w ill be a m ajor step forward 
in our knowledge of the early evolution of the cratons. None of the Archean 
greenstone terranes, however, has been studied in com parable detail to most 
Phanerozoic orogenic belts. Even detailed maps o f  these terranes are rare. 
More detailed mapping and study o f the Archean greenstone belts are 
required to resolve m ajor issues concerning their history.
The approximately 3.5 to 3.2 Ga-old Barberton greenstone belt has 
served inform ally as the type example o f  an A rchean greenstone belt 
(Anhaeusser, 1971, 1973; Anhaeusser et al., 1969; Condie, 1976; Coward, 1976).
It is one o f  the best preserved, low-grade, early Archean greenstone belts in 
the world and has the added attributes o f  generally good to excellent 
exposures, moderate to good accessibility, and high vertical relief. Despite its 
im portance and relatively  am enable environm ent, published inform ation  on 
the Barberton greenstone belt is relatively sparse. Most detailed studies 
within the belt have been both geographically and subjectively restricted  to 
areas o f econom ic im portance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The Barberton belt straddles the South A frica-Sw aziland border near
the eastern edge o f the Kaapvaal Craton (Fig. 1). It is made up o f volcanic and 
sedim entary rocks o f  the Swaziland Supergroup. The basal unit is an eight to 
ten k ilom eters thick, predom inantly m afic and u ltram afic  volcanic sequence, 
the Onverwacht Group. It is overlain by up to six km o f  volcaniclastic and 
orogenic sedim entary rocks o f the F ig Tree and M oodies Groups ( Anhaeusser, 
1973; Lowe and Byerly, in review). M etamorphic grade is low, generally 
low er greenschist facies, except adjacent to intrusive bodies. D istinctive 
facies changes in the Onverwacht and F ig Tree Groups across the Inyoka Fault 
have been reported previously (H einrich, 1969, 1980; Lowe and Byerly, in 
review ). A pproxim ately east-northeast-trending  faults and folds jux tapose  
and repeat the strata.
P rev ious controversies regard ing  s tra tig raph ic  re la tionsh ips in the
B arberton greenstone belt have em phasized the im portance o f detailed 
m apping and the im portance o f resolving the stra tigraphic  and structural 
evolution o f the belt (Lowe et al., 1985; de W it and Ashwal, 1986; Lowe and 
Byerly, in review). This paper describes the geology o f a 65 square km area
along the north-central margin o f the Barberton greenstone belt. The work
was part o f a continuing systematic study o f the Barberton belt by Drs. D. R. 
Lowe and G. R. Byerly and their students since 1980.








































» ° l l-  ft
UPPER FORMATIONS, !







M odified  a l t e r  A n h a e u s se r  e t  al., 1981
Figure 1. G eneralized geology m ap o f  the Barberton greenstone belt w ith the study area outlined and a location 
m ap in se rt.
i
The present study focuses on rocks o f the M oodies Group, uppermost 
unit o f the Swaziland Supergroup. Detailed m apping and structural studies 
serve as a basis for outlining the late structural evolution o f the north- 
central part o f the belt. The results of this study are presented in Chapter 1.
In C hapter 2, stratigraphic and modal analysis o f M oodies sandstones are used 
to develop a model for the provenance of the M oodies sediments. The 
combined im plications o f  the structural, stratigraphic, and petrologic data for 
the late tectonic evolution o f this part of the Barberton greenstone belt are 
presented in Chapter 3.
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CHAPTER I
THE STRATIGRAPHY AND STRUCTURE 
OF A PART OF THE 
NORTH-CENTRAL BARBERTON GREENSTONE BELT,
SOUTH AFRICA
8
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A B STR A CT
The north-central part o f the 3.5 to 3.2 Ga-old Barberton greenstone 
belt contains both the northern and southern facies o f  the Swaziland 
Supergroup. The facies are divided by the Inyoka Fault, a thrust fault later 
reactivated by dextral shearing. Fig Tree strata show tw o principal facies that 
d iffer in both petrology and sedim entation. The facies boundary is roughly 
coincident with the Inyoka Fault. However, turbiditic sequences within the 
F ig Tree, form erly reported to be unique to the northern facies, arc also 
exposed im m ediately south of the Inyoka Fault. The two facies o f Fig Tree 
strata appear to  be laterally gradational and probably do not represent two 
d iscrete depositional basins as has been previously p roposed  (H einrich and 
Reimer, 1977). The Clutha Formation, the lowest unit o f  the M oodies Group, 
was also deposited in a single basin but uplift south o f  the Inyoka Fault 
resulted in  e ither non-deposition o r rem oval through erosion  o f  the 
overlying Joe's Luck and Baviaanskop Form ations. N orth-d irected , post- 
depositional th rust faulting along the Inyoka Fault jux taposed  the southern 
and northern facies o f  the M oodies Group.
M ultiple stages o f  large-scale lateral tectonics affected  the Barberton 
greenstone belt. T hrust faulting and nappe form ing throughout the belt (Dj 
and 2) accom panied deposition o f the Fig Tree Group. The study area 
experienced fu rther thrust faulting and folding (D 3) fo llow ing  deposition o f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0
the Moodies. After the relative uplift o f  the Kaap Valley pluton (D4), the area 
was further disrupted by predom inantly dextral folds and faults (D5) .
The final stage o f structural developm ent resulted in approxim ately 
north-south  strik ing , vertically  d ipping faults (D 6). M any o f these faults
were sites o f Late Archean to Early Proterozoic diabase intrusions.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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IN TR O D U C TIO N
The northern and southern facies o f  all three units o f the Swaziland 
Supergroup, the Onverwacht, Fig Tree, and M oodies Groups, are exposed in the 
north-central part o f  the Barberton greenstone belt. The area is divided by 
the Inyoka Fault, a m ajor shear zone that separates the southern and 
northern facies (Heinrich, 1969; 1980; Hose, this volume, chap. 3; Lowe and 
Byerly, in review). Thus, the study area provides an excellent opportunity to
com pare the stratigraphy o f the southern and northern facies and to exam ine
the nature o f the change across the fault.
The region is also one o f the m ost structurally com plex parts o f the
greenstone belt. P revious workers in terpreted  local fau lts and associated 
structures as the result o f diapiric em placem ent o f  the Kaap Valley Pluton 
into the overlying greenstone belt (V iljoen and Viljoen, 1969b; Anhaeusser, 
1976; Fripp et al., 1980; Robb et al., 1986), thrusting directed towards the north 
(Fripp et al., 1980; Jackson et al., 1987), thrust directed towards the south 
(Daneel, 1986), and dextral shearing (Hose and Lowe, 1987). Six stages o f 
deform ation prior to the intrusion o f Late Archean or Early Proterozoic 
diabase dikes have been identified by this study.
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1 2
GEOLO GIC SETTING
The B arberton greenstone belt is a com plexly deform ed Early Archean 
orogen con tain ing  the Swaziland Supergroup, a sequence o f predom inantly 
volcanic and volcaniclastic, biogenic, and chem ical sedim entary rocks o f  the 
Onverwacht and Fig Tree Groups (Viljoen and Viljoen, 1969b; Lowe and Byerly, 
in review) and lithic, quartzose, and arkosic sandstone, conglom erate, and 
siltstone o f the Moodies Group (Hose, this volume) (Fig. 1). The greenstone
belt, covering about 3000 square km in eastern South A frica and western 
Sw aziland, is surrounded by penecontem poraneous to  slightly  younger 
p lutonic rocks.
The granitoid rocks have been divided into three magmatic cycles 
(Anhaeusser and Robb, 1981). The first cycle plutonic rocks provide 
crystallization dates that are contem poraneous to the ages o f the Swaziland 
Supergroup. The second and third cycles post-dated the deposition o f the 
greenstone sequence. Em placement o f many o f  these granitic bodies, either 
as magmatic in trusions or as a rem obilized solids (d iapirs) was syntectonic 
and often responsible for the deform ation o f the greenstone belt (Visser,
1956; Ramsay, 1963; Anhaeusser and Robb, 1980; Jackson et al., 1987).
O nverw acht rocks, the oldest unit, line the greenstone belt along 
almost all sides and have prom pted hypotheses that the Barberton greenstone 
belt is a synclinorium  (Anhaeusser et al., 1969; Viljoen and Viljoen, 1969b;
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Figure 1. G eneralized stratigraphic colum n of the Sw aziland Supergroup. 
Onverwacht and Fig Tree stratigraphy is based on Lowe and Byerly (in
review). M oodies Group stratigraphy is based on Hose (this volume).
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G likson, 1976), an interpretation that is not supported by th is study.
Nine major, approxim ately east-w est-trending faults cu t all units o f the 
Sw aziland Supergroup and divide the study area into d istinctive blocks (Fig.
2). The tectonic blocks are internally folded and faulted. Blocks comprising 
the M oodies Group are typically folded into large, isoclinal synclines with 
steeply dipping limbs and axial planes. Blocks in the study area that are made 
up predom inantly o f the Onverwacht and Fig Tree Groups are prevasivcly 
sheared and tightly folded, locally form ing m elanges.
Blocks south o f  the Inyoka Fault include the Pow eriine Road Syncline 
and M aid o f the M ist M ountain Syncline, which are doubly plunging, open 
synclines. Both com prise coarse sandstone and conglom erate o f the lower 
M oodies Group. The Schultzenhorst Block, situated west o f  the Pow eriine Road 
Syncline, is com posed predom inantly  o f  dacitic  volcaniclastic and intrusive 
rocks o f  the upper Fig Tree Group (Schoongezicht Form ation). Isolated 
tec ton ic  fragm ents o f  chrom e-m ica-rich  chert, black chert, ferruginous 
chert, and kom atiite d isp lay ing  spinifex texture are scattered  throughout the 
block. Heavy forestation developm ent has resulted in poor exposures and 
prevents a clear understanding o f the shearing and folding that has affected 
the Schultzenhorst B lock.
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Figure 2. Map showing the major tectonic blocks southwest o f Barberton.
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The Inyoka Block extends from the western boundary of the study area 
to the southeastern  com er along the north sides o f  the Schultzenhorst Block 
and the Pow eriine Road and Maid o f  the M ist M ountain Synclines and along 
the south side o f  the Inyoka Fault. The Inyoka Block can be roughly divided 
into three sub-terranes (Fig. 3). The northw estern part o f  the block is 
composed predom inantly o f clastic rocks o f the low er Fig Tree Group. This 
sub-terrane is pervasively folded but less sheared than the area to the south 
and sou theast, although isolated fragm ents o f black chert, chrom e-m ica-rich 
chert, and ferruginous chert crop out within the southern  and eastern part o f 
the sub-terrane. The central and southw estern part o f  the Inyoka Block is a 
m elange w ith a m atrix  o f pervasively sheared, talcose ultram afic volcanic 
rocks and fine-grained clastic rocks. Isolated fragm ents within the m atrix 
include black chert, chrom e-m ica-rich  chert, ferrug inous chert, and quartz- 
rich sandstone. The eastern part o f  the Inyoka Block is a melange that has 
been extensively  altered  by m etasom atism . Severe a lteration  has obscured the 
parentage o f m any o f  the rocks in the area. Two synclines o f Moodies clastic 
and interbedded m afic volcanic strata as well as fragm ents o f black chert and 
quartz-rich  sandstone crop out w ith in  the eastern  sub-terrane.
N orth o f  the Inyoka Fault, the Saddleback Syncline Block, in the east- 
central part o f  the  study area, is bound on the south by the Inyoka Fault and 
on the north by the Saddleback Fault. The two faults m erge into a single
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fu rther exp lana tion .
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shear zone in the western part o f the study area. The Saddleback Fault has 
rem oved the northern lim b o f  the Saddleback Syncline within the study area, 
leaving only the steeply d ipping , north-younging southern  lim b. The 
Saddleback Syncline w ithin the study area includes the upper approxim ately
20 m eters o f the Fig Tree Group and a more than 2800 m thick section o f the
M oodies Group.
The Haki Block extends east-northeast across the entire study area 
bounded by the Saddleback Fault to the south and the Haki Fault to the north.
It is a pervasively sheared area in which rocks o f the Onverwacht and Fig 
Tree Groups are thrown into tight to isoclinal folds. The terrane is 
predom inantly fine-grained, ferruginous c lastic  rocks o f  the low er Fig Tree
Group but it also includes a large fragm ent o f strongly foliated, pervasively 
sheared quartz-rich  M oodies sandstone and isolated  fragm ents o f  ferruginous
c h e r t .
The Zumpy Block also crosses the study area, bordered by the Haki Fault 
on the south and the Ameide Fault on the north. The eastern two-thirds o f the 
block is com posed o f an extensively sheared and folded scaly serpentinite. 
Small, isolated fragm ents o f  black chert and ferruginous chert are enclosed 
within the serpentinite. The western part o f  the block is a steeply plunging, 
w est-younging, isoclinal syncline com prised o f talcose rocks o f  the 
Onverwacht Group and the low er strata  of the Fig Tree Group.
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The Brighton Kop Block is a terrane o f extensively folded and faulted 
talcose and silicified  ultram afic rocks and black chert o f  the Onverwacht 
G roup and ferruginous sandstone, siltstone, and chert o f the low er Fig Tree 
Group. The block is bound by the Ameide Fault on the south and another 
m ajor fault along its eastern and northern side.
The M oodies Hills Block, north o f  the Ameide Fault and the Brighton 
Kop Block, is entirely composed o f the M oodies Group and, possibly, rocks 
from the upper few m eters of the upper Fig Tree Group. Nearly all o f the 
s tra ta  are north-younging and steeply d ipping. M inor shearing and folding 
have affected the sequence. The northern side o f the block is bound by the 
M oodies Fault.
Extending across the entire north side o f  the study area, north o f the 
M oodies Fault, is the Oorschot-W eltevreden Belt. Except for isolated fragments 
o f low er F ig Tree ferruginous chert and sandstone and O nverw acht chrome- 
m ica-rich chert along the M oodies Fault, the O orschot-W eltevreden Belt 
w ithin the study area is entirely com posed o f mafic and ultram afic volcanic 
and intrusive rocks o f the Onverwacht Group.
The northernm ost block in the study area is com prised o f  the tonolitic 
body called the Kaap Valley Pluton. The contact between the pluton and the 
O orschot-W eltevreden Belt is sheared and provides no evidence o f  contact 
m e ta m o rp h is m .
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N orth-south-trending, steeply dipping faults cross-cut all rock types, 
blocks, and the m ajor faults in the study area. Undeformed, Late Archean to 
Early P roterozoic diabase dikes were em placed in  m any of these younger 
faults. These faults and accom panying in trusions represent the youngest 
structu res and rocks preserved in the greenstone belt.
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M E T A M O R PH ISM , S IL IC IFIC A T IO N , AND CA RBO N A TIO N
Extensive, low -grade alteration has affected  rocks throughout the 
Barberton greenstone belt. G reenschist facies m etam orphism , silicification ,
and carbonation are w idespread and have affected  nearly all lithologics. 
Contact m etam orphism , locally developed along the m argin of the belt 
(Viljoen and Viljoen, 1969a), does not occur in the study area.
G reenschist facies a lteration  is represented by abundant chlorite  and 
sericite w ith m inor epidote in the volcanic, volcaniclastic, and arkosic rocks. 
Quartz in the M oodies exhibits post-depositional strain  and grain contacts are
sutured in some tightly packed samples (Hose, this volume). A lthough all
strata are altered  to greenschist facies, lithologic nam es in th is paper are 
given according to original com position and rock type, as can best be 
d e te rm in e d .
W idespread m obilization and deposition o f  silica  accom panied by 
removal o f  some prim ary m inerals has affected m ost o f  the Barberton belt. 
Cherts throughout the Onverwacht and lower Fig Tree Groups ‘have been 
interpreted to represent a wide range o f volcaniclastic  and sedim entary rock
types including volcanic rocks and volcaniclastic s tra ta  (Lowe and Byerly, 
1986; Duchac, 1986; Duchac and Hanor, 1987), silicified evaporites (Fisher and 
Lowe, 1985; W orrell and Lowe, in review), carbonate layers, and sand- and 
silt-sized terrigenous sedim ents (Lowe and Byerly, in review). Silicification
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in these strata  occurred before sign ifican t tectonic deform ation  (Lowe and 
Byerly, 1986; Duchac and Hanor, 1987). The M oodies G roup contains Icnsoidal 
beds o f jasper in the M oodies H ills and elsewhere along the belt's northern 
m argin (Anhauesser, 1973; Eriksson, 1978). Planar zones o f  nearly pure, 
in terlock ing , coarse-g ra ined  quartz along  fractures has loca lly  replaced 
M oodies clastic rocks in the M oodies H ills and Poweriine Road Syncline and 
ultram afic rocks in the O orschot-W eltevreden Belt.
Local units o f  Onverwacht and M oodies rocks with abundant dolomite 
and m inor calc ite , ankerite, and siderite  were described by early  workers 
(Hall, 1918; V isser, 1956; Anhaeusser, 1976) as primary carbonates. However,
the carbonates are concentrated along m ajor faults near m ineralized  zones 
(Cooke, 1965; A nhaeusser, 1976; Pearton, 1984). W ithin the study area, they 
are in terpreted as products o f secondary alteration. C arbonation  occurred 
throughout the area but most affected the lower part o f the M oodies Group in 
the M oodies H ills and extrusive volcanic rocks o f the O nverw acht Group in the 
O orschot-W eltevreden Block. M oodies sandstone collected in the M oodies Hills 
had carbonate contents o f less than 5% outside o f the m ineralized areas and 50
to 90% with distinctive replacem ent textures in the Agnes G old M ine (Hose,
this volume, chap. 3). W uth (1980) cites evidence o f replacem ent of 
ultram afic rocks by carbonate north o f  the M oodies Fault and attributes it to 
an e p ig e n e tic /h y d ro th e rm a l o rig in .
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S T R A T IG R A P H Y
Stratigraphy of the Barberton greenstone Belt has been studied in 
detail in selected and widespread areas (Reimer, 1967; Anhaeusser, 1969, 1973, 
1975, 1976; Viljoen and Viljoen, 1969a, b; Condie, Macke, and Reimer, 1970; 
Eriksson, 1977; 1978; Lamb and Paris, 1988) but stratigraphic relationships 
between blocks are poorly understood. A scarcity o f distinctive m arker beds 
and poorly  understood, com plicated  structural re la tionsh ips inh ib it 
correlations between tectonic blocks. Studies o f  the stratigraphy o f portions 
o f the study area have been m ade by Cooke (1965), Heinrich (1980), and Wuth 
(1980) b u t there  has been no previous com prehensive investigation o f this 
r e g io n .
The greenstone belt is com prised o f  the Sw aziland Supergroup. This 
sequence includes the Onverw acht Group, a unit o f  predom inantly ultram afic 
and m afic volcanic rocks about 10 km thick, overlain by 400 to 1200 m of 
predom inantly volcaniclastic rocks o f  the Fig Tree G roup (Lowe and Byerly, 
in review) and up to 2800 m o f quartz-rich sandstones and conglom erates o f 
the M oodies Group. Northern and southern facies, divided by the Inyoka 
Fault, have been identified in each Group (Heinrich, 1969, 1980; Reimer, 1975; 
SACS, 1980; Hose, this volume; Lowe and Byerly, in review). The study area 
contains the Inyoka Fault and portions o f  the northern  and southern facies of 
all three Groups. Stratigraphic nom enclature used in this report for the
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Onverwacht and Fig Tree Groups is based on Lowe and Byerly (in review). 
S tratigraphic divisions for the M oodies Group follow the criteria  suggested by 
Hose (this volum e).
Onverwacht Group
The O nverw acht Group, oldest unit o f the Sw aziland Supergroup, 
consists predom inantly  o f ultram afic, m afic, and some dacitic volcanic rocks, 
thin chert layers, and layered ultram afic intrusions. T he igneous rocks in 
the study area are generally  altered by serpen tin ization  and pervasively 
sheared. A strong  com petence contrast betw een the ductile , serpentinized 
volcanic s tra ta  and the brittle cherts com bined w ith severe deform ation to 
produce O nverw acht terranes com prising fo liated , talcose m atrices with 
d isarticu la ted  chert fragm ents, particu larly  along m ajo r faults.
D istinctly d ifferent facies o f the Onverwacht Group to the south and 
north o f the Inyoka Fault have been reported by Lowe and Byerly (in 
review). They describe Onverwacht rocks in the central part o f the belt, 
south o f  the fault, as a cyclic sequence o f  basaltic and serpentinized 
peridotitic kom atiites and cherts, w hich are assigned to a new unit, the 
M endon Form ation. The northern facies is a thick succession o f altered 
perido titic  and basaltic  kom atiitic lavas, basalts, layered ultram afic intrusions, 
and thin cherts. They hypothesize that the northern facies is younger than
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the bulk o f the southern facies and assigned it to a new unit of the 
O nverw acht G roup, the W eltevreden Form ation.
M e n d o n  F o r m a t i o n
Outcrops o f the upperm ost 100 to 200 m o f the  M endon Formation are 
concentrated in the core o f anticlines and along fau lt planes in the Inyoka
Block. Fragm ents are also scattered along m inor fau lts w ithin the 
Schultzenhorst Block. The rocks are predom inantly  serpentinized peridotitic
kom atiite. W eathered outcrops o f the kom atiite are typically pinkish brown 
with a rough "elephant-skin" texture. Fresh surfaces are dark green with 
prom inent pyroxene needles. Talcose rocks are heavily  weathered, appear
chalky w hite to pale green with dark green m arble-like streaks, contain
pervasive penetrative cleavage, and feel very slippery . Spinifex textures are
locally preserved in both fresh and altered rocks.
At the  top o f the volcanic sequence is a poorly to m oderately preserved,
laterally discontinuous basalt up to about 10 m thick. It is exposed at three
places w ithin the Inyoka Block (one site north o f the Pow eriine Road 
Syncline and two sites in the central part o f the block) and is adjacent to gray
lam inated, chrom e-m ica-rich , and /or banded cherts in each  location.
The volcanic sequence is commonly overlain by an approxim ately 5 to 
10 m th ick  layer o f  green, chrom e-m ica-rich chert w ith locally preserved
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spinifex textures, in terpreted elsew here in the greenstone belt as silicificd 
kom atiites (Lowe and Byerly, 1986; Duchac and Hanor, 1987). Silicification 
occurred before significant tectonism . The silicifted ultram afic zone is 
locally absent betw een the apparent top o f the volcanic sequence and the 
base o f the overlying cherts but it may have been rem oved by shearing. 
C onversely, d isarticu la ted  fragm ents o f  chrom e-m ica-rich  chert are isolated 
within m atrices o f  Fig Tree and M endon rocks within the Inyoka and 
Schultzenhorst Blocks (Fig. 3; P late I). They are interpreted as following the 
trend o f m inor faults.
Silicified ultram afic rocks are capped by chert, m arking the top o f the 
Onverwacht Group. The cherts change gradationally  along strike and include 
gray lam inated chert, ferruginous bedded chert, m assive b lack chert, and 
black and white banded chert. It is uncertain w hether the broken exposures 
of volcanic rock, silicified  ultram afic rock, and chert sequences represent a 
single vo lcanic-sedim entary  cycle repeated  through fau lting  and tight 
folding o r possibly m ultiple cycles.
W e l t e v r e d e n  F o r m a t i o n
The oldest rocks north o f the Inyoka Fault are a thick sequence o f 
serpentin ized kom atiitic  and basaltic lavas, altered perido titic  layered 
intrusive rocks, and th in  units o f tuffaceous sedim ents and b lack cherts
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included in the Onverwacht Group (V iljoen and Viljoen, 1969a; A nhaeusser ct 
al., 1981). Lowe and Byerly (in review) place these rocks in the W eltevredcn 
Form ation, a new form ation within the O nverw acht Group and argue that the 
unit is probably younger than most of the Onverwacht Group south o f  the 
Inyoka Fault. The most detailed study o f th is unit was made by W uth (1980) but
was restricted to exposures north of the M oodies Fault.
V o lc a nic sequence
The predom inant lithologies o f  the W eltevreden Form ation are altered 
perido titic  and basaltic kom atiites with lesser tholeiitic basalt and tuffaceous
rocks (W uth, 1980). Pervasive shearing, folding, and m etasom atic alteration 
resu lted  in talc-carbonate , ch lorite , and ch lorite-am phibole  sch ists, a nearly 
pure carbonate unit (W uth, 1980), and scaly serpentinite.
Between the Inyoka and M oodies Faults, the W eltevreden volcanic rocks 
crop out along the Saddleback, Haki, and Ameide Faults, in the core o f an 
anticline in the Brighton Kop Block, and betw een the Brighton Kop and 
M oodies Hills Blocks (Fig. 2; Plate I). The rocks are severely altered and 
sheared, and their original textures have not been preserved. V olcanic 
outcrops along the Saddleback, Haki, and Am eide Faults, and in the Brighton 
Kop B lock are heavily w eathered, white to pale green, earthy talcose rocks, 
locally  contain ing  dark green m arble-like streaks. A gray talc-carbonate
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
rock crops out along the central portion o f the Saddleback Fault. Both rock 
types have pervasive penetrative cleavage and feels very slippery. A 
pervasively foliated and folded zone o f  serpentin ite  that can be disaggregated 
into polished chips, a fabric called "scaly serpentinite" by Cowan (1985), crops 
out along the Ameide Fault in the eastern three-fourths o f  the study area (Fig. 
4 ).
G reen, silicified rock cut by interwoven silica  veinlets and, locally, a 
chrom e-m ica-rich  chert with rem nant spinifex tex tu re  separates the talcosc 
rocks from  a gray lam inated chert in the core o f  an anticline in the Brighton 
Kop Block. The zone is conform able with the bedding in the gray lam inated 
chert (P late  II), which is interpreted to overlie the volcanic sequence. The 
silicified rocks resem ble the altered kom atiites in the M endon Form ation to 
the south  and are interpreted to have form ed in a sim ilar m anner, although 
Lowe and Byerly (in review) suggest that the northern  zones were altered in 
deeper w ater conditions. Three isolated slivers o f  silicified ultram afic rocks, 
including chrom e-m ica-rich  chert, are prom inent a long  the Saddleback Fault 
in the w estern half o f the study area. One fragm ent in the Haki Block and 
several in the Brighton Kop B lock are w ithin m atrices o f  fine-grained Fig 
Tree clastic rocks (Plate I). A  larger zone o f  talcose and silicified kom atiites 
crops out along the fault betw een the northw estern part o f the Brighton Kop 
Block and the M oodies Hills.
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Figure 4. Photo o f scaly serpentinite along Ameide Fault. Note the small, hand 
sledge ham m er in the lower left quadrant of the photograph.
North o f  the M oodies Fault, the W eltevreden Form ation consists 
predom inantly o f  dark green, altered peridotitic and basaltic kom atiite with 
lesser quantities o f tholeiitic basalt (Wuth, 1980). The ultramafic strata are 
serpentinized but locally display prim ary spinifex textures formed by both 
pyroxene needles and olivine blades. The tholeiitic basalts commonly show 
pillows and varioles. Some of the rocks in the Oorschot-W eltevreden Belt have 
been extensively replaced by secondary carbonate, m ainly dolom ite and 
ankerite. The carbonate bodies have a sugary texture and weather to an 
o r a n g is h - b r o w n .
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Chsi .ta
A zone, five to 20 m thick, o f  gray laminated, black and white banded, 
and m assive black chert separates the silicified ultram afic rocks and chrom c- 
m ica-rich chert o f  the W eltevreden Form ation from the low est strata o f the 
Fig Tree Group in the southern part o f the Brighton Kop Block. All other 
exposures o f  W eltevreden chert in the study area occur as isolated, two to 20 m 
thick, d isarticu lated  fragm ents w ith discordant dips that are encom passed by 
altered ultram afic rocks or fine-grained, clastic rocks. These tectonic slivers 
occur along the  Saddleback, Ameide, and M oodies Faults, betw een the Brighton 
Kop and M oodies Hills Blocks, and w ithin the Brighton Kop Block and 
O orscho t-W eltev reden  Belt.
P ioneer In trusive  Complex
A layered ultram afic intrusion, the Pioneer In trusive Com plex, is 
in terstratified  w ith kom atiitic  volcanic units in the W eltevreden  Form ation 
north o f the M oodies Fault. The intrusion is composed o f  incom plete cycles, 
from base to top, o f  serpentin ized dunite, harzburg ite /peridotite , 
orthopyroxenite, w ebsterite , and norite /gabbro  with rod ing ite  dikes (W uth, 
1980; A nhaeusser, 1985). The serpentin ized dunite and harzburgite/peridotite  
units form ridges parallel to the base o f  the Moodies Hills.
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Extensive folding and faulting (W uth, 1980) in the P ioneer Intrusive 
Com plex resulted in steeply dipping layers. Severe flattening and shearing
locally  developed m afic and u ltram afic sch ists, including conform able layers 
o f  a d istinctive fine-grained rock com posed o f  fibrous and platy crystals of 
ta lc , fibro-lam inae o f antigorite and chryso tile , ch lorite , trem olite , and, 
locally , carbonate and m agnetite (Fig. 5) (W uth, 1980; Anhaeusser, 1985).
These rocks, which are dark blue and resem ble slate, have been described in 
several ultram afic in trusive com plexes in the Barberton greenstone belt 
(V isser, 1956; Anhaeusser, 1969a; W uth, 1980).
Fig Tree Group
The Fig Tree Group is an approximately 500 to 1500 m thick sequence of 
vo lcan ic lastic  and terrigenous shale , siltstone , sandstone, conglom erate, 
chert, and dacitic pyroclastic, intrusive, and extrusive rocks (Fig. 1). The 
sequence conform ably overlies the O nverw acht Group but an unconform ity
separa tes the low er, p redom inantly  ferruginous volcan iclastic  and
terrigenous sedim ents from the higher, dacitic  sequence (Lowe and Byerly, in
r e v ie w ) .
Southern and northern facies, separated by the Inyoka Fault (Fig. 1), 
have been recognized in the Fig Tree Group (Heinrich, 1969; 1980; Heinrich 
and Reim er, 1977; SACS, 1980). The southern facies represents deposition in a
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Figure 5. Photom icrograph o f ultram afic rock w ith slaty cleavage from the 
Pioneer Intrusive Complex. Cross-nicols. Sample - LH 472.
predom inantly proxim al to locally distal environm ents (Lowe and N ocita, in 
review). The northern deposits are deep-w ater facies (Lowe and Byerly, in
review). Heinrich and Reim er (1977) proposed that the facies were deposited
in two discrete basins. The southern facies has also been interpreted as older 
than the northern facies rocks (Nocita, 1986; Eriksson et al., 1988) but a 
recently discovered spherule bed immediately above the black chert a t the top 
o f the northern facies M endon Formation m atches a spherule deposit at the 
base o f the  F ig Tree Group in the southern greenstone belt (Lowe and Byerly, 
in review ). These layers are interpreted as products o f a meteorite collision
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and, therefore, provide a regional isochron at the base o f  the Fig Tree 
sequence (Lowe et al., 1989a).
The low er ferruginous strata make up the M apepe Form ation south of 
the Inyoka Fau lt and the Sheba and overlying Belvue Road Form ations north 
o f the fault. Only the younger, dacitic Schoongezicht Form ation is 
recognizable in both areas (Reimer, 1967; Lowe and Byerly, in review).
M a p e p e  F o r m a t i o n
The M apepe Form ation consists o f  ferruginous sandstone and banded 
chert, s ilic ified  quartz-phyric ash, shale , siltstone, and, locally , lenticular 
chert-clast g ranule, pebble, and cobble conglom erate. The unit is reported to 
be between 200 to 700 m thick (Nocita, 1989; Lowe and Byerly, in review), 
although the top o f  the Mapepe Form ation has never been identified. W ithin 
the study area, M apepe strata are only exposed in the Inyoka Block, where 
lateral d iscon tinu ity  and extensive structu ral d isrup tion  p reven t an accurate 
estim ate o f  th ickness.
The low er contact between the black and banded chert o f  the upper 
M endon Form ation o f  the Onverwacht Group and the low er part o f the Mapepe 
Formation is exposed at several locations in the Inyoka Block. It is 
conform able and transitional. The lowest part o f the M apepe Form ation 
includes th in  beds o f  fine-grained, ferruginous vo lcan iclastic  and
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terrigenous sandstone, siltstone, and shale. S ilicification was m ost extensive 
near the lower contact; silicified  rocks gradually dim inish upsection.
Conform able beds o f gray to black chert, probably representing silicified 
clastic sedim ents, and jasper beds are common w ithin 20 m of the lower 
contact. Two barite layers (H einrich and Reim er, 1977), a chert-clast breccia 
(Lowe and Nocita, in review), and spherule beds (Lowe and Byerly, 1986; Lowe 
et al., 1989a) reported in the lower strata of the M apepe Formation to the south 
have not been identified in the central part o f the belt.
The M apepe Form ation includes a high percentage o f partially to
completely silicified tuffaceous sediments, up to 70%  in some sections. Beds
are typically one to three centim eters thick and reddish brown. Fresh
exposures are pale gray, very fine-grained rocks. Lowe and Nocita (in
review) report deposits o f m assive to well-layered air fall ash up to 200 m
thick , curren t-w orked  c ro ss-lam ina ted , c ro ss-stra tified , and fla t-lam inated  
ash, and graded units w ith coarse terrigenous chert-sandstone bases and fine­
grained ashy tops south o f the study area.
The section coarsens upward and includes local, lenticular outcrops o f
im m ature sandstone and chert-c last granule, pebble, and cobble
conglom erate. The M apepe sandstone and conglom erate are com posed
predom inantly  o f  chert and chert-m ica m icrom osaics th a t represent altered
lithic fragm ents (Nocita, 1989). South o f the study area, the Mapepe is
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reported to be quartz-poor with a maximum of 20% quartz in the sandstone 
and conglom erate m atrices (Lowe and Byerly, in review). T hick , terrigenous 
turbiditic sequences are absent. No clasts identifiable as exotic to the 
greenstone belt, such as plutonic rocks, quartzite, o r detrital m icrocline 
grains, have been reported. Two channel deposits, each 3 to 5 m thick, 
con tain ing  quartz-bearing , chert pebble and cobble conglom erate crop out 
w ith in  fine-grained , quartz-poor, ferrug inous sandstone in the east-central 
part o f the Inyoka Block.
L arger exposures o f  conglom erate surrounded by Fig T ree ferruginous 
sedim ents are in the northwest part o f the Inyoka Block. Some o f these 
exposures have been previously identified as part o f the younger M oodies 
Group (Visser, 1955; Anhauesser et al., 1981). The conglom erates arc laterally 
discontinuous lenses o f  m assive, pebble and cobble conglom erates up to 15 m 
th ick  w ithin w ell-bedded, lam inated to m edium  thick beds o f  ferruginous 
sandstone with m inor shale. Conglom erate clasts are predom inantly black 
and black and white banded chert. The m atrix contains about 2 - 10% quartz. 
The sandstone layers display graded beds, cross-beds, and p lanar beds that 
resem ble turbiditic sequences. They contain up to 30% quartz. The rock is 
m edium  to  dark gray in fresh exposures but weathers to a reddish brown. 
Folding in  the study area makes a -thickness estim ate uncertain but the
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sandstone and conglom erate unit appears to be at least several hundred 
m eters thick.
The depositional setting o f the M apepe Form ation has been described 
based on sedim entological evidence as a quiet, deep-w ater, foredeep basin in 
front o f  a northw ard-directed fold and thrust belt (Jackson et al., 1987; Nocita, 
1989; Lowe and Nocita, in review).
S h e b a  F o r m a t i o n
T he Sheba Form ation, the low est d ivision o f  the northern facies o f  the 
Fig Tree Group, crops out in the Haki, Zumpy, and Brighton Blocks and along 
the western part o f the M oodies Fault. Lowe and Byerly (in review) have 
divided the approxim ately 500 m thick sequence into three subdivisions 
including, from bottom  to top, banded ferruginous chert, very fine-grained, 
black, carbonaceous shale o r claystone, and thick-bedded to m assive, dark 
gray, fine- to coarse-grained  im m ature tu rb id itic  sandstone.
Im m ediately overlying the gray lam inated and black chert at the top of 
the W eltevreden Form ation is an approxim ately five to ten m eters thick 
banded zone o f slightly  to m oderately silicified  ferruginous sedim ents that 
w eather to  reddish brown and thin beds o f white chert. The only exposure o f 
the W eltevredon-Sheba contact in the study area is in an anticlinal-synclinal 
fold pair at B righton Kop. The banded chert zone thickens in the core o f the
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syncline but is m issing from most o f the north limb of the anticline (Plate I). 
Isolated, tectonic slivers o f banded chert crop out along the Saddleback, 
Ameide, and M oodies Faults. The lowest subdivision o f the Sheba Formation is 
interpreted by Lowe and Byerly (in review) as silicified  sideritic oozes that 
contained fine volcanic ash, clay, and organic m atter.
The cherty basal units grade upward into a 35 to 50 m thick, black, 
carbonaceous shale that weathers to reddish brown. It is exposed in the Haki, 
Zumpy, and Brighton Kop Blocks and in fragm ents along the Ameide, and 
Moodies Faults. Two laterally  continuous, gray lam inated and banded 
ferruginous chert layers w ithin the lower part o f  the shale are exposed in the 
Zum py Block and as isolated tectonic fragm ents in the Haki, Zum py, and 
Brighton Kop Blocks (Plate I).
The upper part o f  the Sheba Formation is composed of thick-bedded to 
m assive, fine- to  coarse-grained  im m ature tu rb id itic  sandstone containing 
less than 20% quartz. Lowe and Byerly (in review ) report that the sandstone 
is at least 500 m thick. Heavily weathered outcrops o f  Sheba sandstone are in 
the Haki and Brighton K op Blocks and in a fragm ent along the Ameide Fault.
B e l v u e  R o a d  F o r m a t i o n
The middle unit o f  the northern Fig Tree Group, the Belvue Road 
Form ation, is a deeply w eathered, pale gray, brown, or pinkish shale and
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fine-grained sandstone and siltstone w ith interbeddcd fine- to coarse-grained 
im m ature turbiditic sandstone (Reim er, 1967; Condie, M acke, and Reim er, 1970; 
Lowe and Byerly, in review). Fine-grained, ferruginous sedim ents in the 
Haki and Brighton Kop Blocks may represent the Belvue Road Form ation in 
the study area but structural disruption and a lack o f  m arker beds to 
d istinguish it from rocks in the low er Sheba Formation preclude positive 
id e n t if ic a t io n .
S c h o o n g e z i c h t  F o r m a t i o n
The Schoongezicht Form ation, recognizable both north  and  south o f 
the Inyoka Fault, is the youngest unit o f  the Fig Tree Group. The sequence is 
m ade up o f ep ic lastic  sandstone, conglom erate, shale, and p lag ioclasc-rich  
dacitic intrusions that typically  w eather to a light gray o r ligh t pinkish gray. 
M assive igneous breccias that crop out to the west (Byerly, in review) do not 
extend into the study area.
C lasts in the Schoongezicht Form ation are subrounded to well rounded 
and derived from a predom inantly  dacitic  terrane w ith m inor contributions 
o f  black and chrom e-m ica-bearing chert pebbles from the O nverw acht. The 
clastic rocks were probably a part o f  an epiclastic debris apron surrounding a 
dacitic  intrusive and volcanic terrane (B yerly, in review ).
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The southern facies o f the Schoongezicht Form ation covers a large area 
in the Schultzenhorst Block and also crops out in the Inyoka Block. Structural 
com plexity, poor exposures prim arily  due to recent forestation developm ent, 
and an absence o f m arker beds precludes the accurate construction o f a 
stratigraphic colum n or thickness m easurem ents w ithin the study area bu t a 
generalized colum n, based on exposures on the south side o f  the Pow erline 
Road Syncline, is shown in Figure 6. The lowest part o f the sequence is an 
approxim ately 260 m thick, fining upward section o f predom inantly dacite- 
clast conglom erate and poorly sorted, coarse sandstone. The middle section, 
approxim ately 180 m thick, com prises interbedded dacitic lavas and coarse- to
m edium -grained, volcaniclastic sandstone. The upper 70 m o f the 
S choongezich t Form ation includes p redom inantly  m edium -grained  sandstone 
and siltstone.
The northern facies o f  the Schoongezicht Form ation is composed o f 
in terbedded  p lag ioclase-rich , fine- to coarse-gra ined  tu rb id itic  sandstone, 
conglom erate, and dark gray shale (Condie, Macke, and Reimer, 1970; Lowe
and Byerly, in review). W ithin the study area, an approxim ately 20 m thick
section o f  the northern facies, exposed along the south side of the Saddleback 
Syncline (Hose, this volume, Appendix lb ), consists o f medium- to coarse­
grained lith ic  arenite and dacite-c last conglom erate.
Prim ary m ineralogies o f  the Schoongezicht rocks have been
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Figure 6. G eneralized stratigraphic colum n of the southern facies of the 
S choongez ich t F o rm ation .
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extensively a ltered  to fine-grained chert-seric ite  m osaics and lesser amounts 
of calcite and chlorite. Plagioclase grains have been severely altered to fine­
grained sericite (Fig. 7). The sandstones contain m inor pure chert, 
carbonaceous chert, and chrom e-m ica-rich chert. Q uartz grains are 
unstrained and com m only display em baym ents and beta-quartz outlines (Fig. 
8). Tartan tw inned feldspar and coarse quartz aggregates are present only 
near the upper contact with the M oodies Group. Detrital quartz content in the 
Schoongezicht Form ation gradually increases upsection from 0 to 10%.
M o o d ies  G ro u p
The M oodies Group, the uppermost unit o f  the Swaziland Supergroup, is 
a 2800+ m sequence o f quartzose, arkosic, and lithic sandstone, chert- and 
lith ic-clast conglom erate, and siltstone with m inor am ounts o f  trachytic 
basalt, jasper, and shale. The quartz-rich strata m arkedly contrast with the 
underly ing , p redom inan tly  volcanic and quartz-poor vo lcan ic las tic , b iogenic, 
and chemical sedim entary rocks o f the Onverwacht and Fig Tree Groups 
(Viljoen and Viljoen, 1969b; Lowe and Byerly, in review). The Moodies is also 
less structurally  disrupted than the o lder strata.
The M oodies Group is divided, from bottom to top, into the Clutha, Joe's 
Luck, and Baviaanskop Form ations north o f the Inyoka Fault (Anhaeusser, 
1969a; 1976; Hose, this volume). South o f the Inyoka Fault, only the lower part
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Figure 7. Photom icrograph o f  a fine-grained chert-seric ite  m osaic in a 
Schoongezicht igneous rock. Plagioclase phenocrysts have been 
extensively altered to fine-grained aggregates o f  sericite. Cross-nicols.
Sample - LH 160.
of the Clutha Formation crops out. The contact between the Schoongezicht 
and Clutha Formations is transitional on the south sides o f  the Powerline Road 
and Saddleback Synclines. A depositional or erosional contact at the top o f the 
M oodies Group has never been reported.
The M oodies is exposed in four m ajor tectonic blocks within the study 
area: the Powerline Road and the Maid o f the M ist M ountain Synclines south 
o f the Inyoka Fault and the Saddleback Syncline and M oodies Hills Block north




Figure 8 . Embayed quartz grain within fine-grained, chert-sericite  
matrix in a Schoongezicht sandstone. Cross-nicols. Sample LH 536.
o f the fault. Sm aller blocks crop out within the structurally disrupted Inyoka 
B lock south of the Saddleback Syncline. Undifferentiated, isolated tectonic 
slivers o f  M oodies sandstone are also exposed near the Saddleback Fault. The 
largest is a block of quartz-rich M oodies sandstone with black shale clasts and 
strong, pervasive cleavage along the Saddleback Fault in the eastern part of 
the Haki Block (Plate I).
C lu th a  F o r m a t io n
T he Clutha Formation has been split into five subdivision based on 
work in the Eureka Syncline. They are, from base to top, basal conglomerate,
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calcareous quartz ite , felspathic quartzite, shale, and jasp ilitic  iron form ation 
(Anhaeusser, 1976). The basal conglom erate contains pebbles and cobbles of 
black, gray, white, banded, and jaspero id  chert, quartz and feldspar 
porphyries, q uartz ites, g ran ite , g ranophyre, shale, grayw acke, volcanic
rocks and coarse-grained clasts that are predom inantly quartz w ith lesser 
feldspar that in terpreted  by previous w orkers as m etam orphites (A nhaeusser, 
1969; 1976; Gay, 1969; Reimer et al., 1985; Daneel, 1986). The lowest subdivision 
also includes im pure quartzite, calcareous and felspath ic quartzites, arkoses, 
subarkoses, and subgrayw ackes (A nhaeusser, 1976).
The calcareous quartzite subdivision in the Eureka Syncline type area 
includes cross-bedded and graded-bedded calcareous sandstone, local zones of 
conglom erate, and narrow bands o f  im pure dolom ite o r m arble. Magnesium 
and calcium  carbonate are abundant (A nhaeusser, 1976). The carbonate 
content m arkedly increases along shear zones o r fault traces (Cooke, 1965; 
A nhaeusser, 1976; Pearton, 1984) but several early w orkers identified these 
layers as prim ary carbonates (Visser, 1956; Anhaeusser, 1976). Recent studies 
have interpreted  the carbonate content in  the north-central part of the belt 
as secondary m ineralization (Daneel, 1986; Hose, this volume, Chapter 2; Lowe 
and Byerly, in review ).
A thick sequence o f arkose, subarkose, m assive quartz arenite, and
m inor shale overlies the calcareous zone in the Eureka Syncline.
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Immediately upsection is a unit o f  thin bedded, reddish brown shale. Reimer 
(1967) reported a lava bed within the shale zone in the Stolzburg Syncline 
that has not been recognized elsewhere. A w ell-developed banded magnetic 
shale and jasper zone caps the Clutha Formation (A nhaeusser, 1976).
The C lutha Formation in the study area is a fining upward sequence 
divisible into two sub-units (Hose, this volume, chap. 3). The lower, "A" 
division is exposed in the M oodies Hills, within the Inyoka Block, and in the 
Saddleback, M aid o f the Mist Mountain, and Powerline Road Synclines. The 
higher, "B" division crops out in the Moodies Hills and Saddleback Syncline. 
Sharp petrographic and topographic changes m ark the contact between the A 
and B sub-units o f the Clutha Formation in the Saddleback Syncline. The 
Clutha A division forms the prom inent, well-exposed Shokhohlwa ridge. The 
B division is poorly exposed and forms the Lomati R iver valley.
In the Saddleback Syncline, a complete section o f the Clutha A division 
consists o f  1138 m o f  lam inated fine- to coarse-grained sandstone, trough and 
planar cross-bedded sandstone, and massive bedded sandstone, and open- and 
closed-m atrix pebble and cobble conglomerate. L ithic clasts in both the 
conglom erate and sandstone beds are predom inantly black, green, white, 
gray, and banded chert, with lesser amounts o f jasper, felsic volcanic and 
volcaniclastic, m afic and ultram afic volcanic, banded iron form ation, vein 
quartz, quartzite , granophyre, granitic, siltstone, and shale. Sandstone in the
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low er approxim ately tw o-thirds o f the d ivision is predom inantly lith ic  arenilc 
and sublitharcnite. A laterally discontinuous, up to ten m eters thick zone of
banded magnetic shale and jasper, is present only in the western part o f  the
M oodies Hills. The upper 300 m o f the A division, above the jasper zone in the 
M oodies H ills, is predom inantly a subarkose.
The upper, B division o f the Clutha Formation is a  790 m thick sequence 
o f  poorly cem ented, severely weathered arkosic arenite and lith ic arkose in 
the Saddleback Syncline and a sequence o f fine-grained sandstone, siltstone,
and shale that are locally  carbonate-rich (>50% ) in the M oodies Hills. Five 
zones o f jasper interbedded with siltstone and sandstone are exposed in the 
central part o f the M oodies Hills Block. Each zone is five to 45 m thick. The 
top o f  the highest jasper layer is 250 m below the upper contact o f the Clutha 
Form ation. In the eastern portion of the Moodies Hills Block, jasper is limited 
to a two meters thick zone. Jasper is absent in the Saddleback Syncline (Hose, 
th is  volum e).
J o e ’s L u c k  F o r m a t io n
Joe's Luck Form ation was described by Anhaeusser (1976) as a fining 
upw ard sequence o f conglom erate, quartz arenite, subgrayw acke, and shale.
He also reported a basaltic lava and a zone o f ferruginous and m agnetic shales
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with banded magnetic jasper in the m iddle o f the formation. Jackson et al. 
(1987) have suggested that this sequence coarsens upward.
In the study area, the Joe's Luck Form ation is composed o f very fine- to 
very coarse-grained sandstone, siltstone, pebble and cobble conglom erate. It 
is 725 m thick in the Saddleback Syncline and 517 m to 575 m thick in the 
M oodies Hills. The basal unit is an approxim ately 100 m thick, p lanar bedded, 
m edium - to coarse-grained quartz arenite w ith lenses o f chert pebble 
c o n g lo m e ra te .
A  quartz-ch lo rite-seric ite  greenstone, id en tified  as an am ygdaloidal, 
trachytic  basalt, conform ably overlies the quartz arenite. It is approxim ately 
22 m thick in the Saddleback Syncline and zero to eight meters thick in the 
M oodies Hills (Hose, this volum e). Amygdaloidal basalt is also exposed in two 
tectonic fragm ents within the eastern part o f the Inyoka Block. Jasper beds 
im m ediately below and above the basalt in the M oodies Hills are absent in the 
Saddleback Syncline and Inyoka Block.
The upper two-thirds o f the Joe's Luck Form ation in the study area is a 
coarsen ing  upward sequence o f  very fine-grained  to very coarse-grained  
quartz arenite and sublitharenite (Hose, this volum e). The sequence is capped 
by a m assive chert pebble and cobble conglom erate that is 5 m thick in  the 
M oodies H ills and about 200 m thick in the Saddleback Syncline. Throughout
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the form ation, grain sizes are consistently finer in the M oodies Hills than in 
equivalent layers  in the Saddleback Syncline.
B a v i a a n s k o p  F o r m a t i o n
A nhaeusser (1976) describes the Baviaanskop Form ation in the Eureka
Syncline type area as a Fining upw ard sequence o f quartz arenite, which is
locally developed  as a conglom erate, overlain  by subgrayw acke, sandstone,
and shale. The top o f the Baviaanskop Formation is locally capped by a pale, 
buff-colored arkose with pebbles o f white chert and red jasper, the 
B ickenhall M em ber.
The Baviaanskop Formation is exposed in the M oodies Hills and in the
Saddleback Syncline. It is composed o f thin to medium bedded, siltstone and
very fine-grained sublitharenite. The conglom erate assigned to the top o f  the 
coarsening upw ard Joe's Luck Form ation is probably equivalent to the quartz
arenite and conglom erate that was placed by A nhaeusser (1976) at the bottom
o f the Baviaanskop Formation. The contact between the top o f the 
conglom erate and the base o f the finer grained Baviaanskop is sharp. One
bedded jasper-bearing  layer, less than one m eter thick, is about 90 m above 
the top o f  the conglom erate in the eastern part o f the M oodies Hills. The 
Bickenhall M em ber is absent and the top o f the Baviaanskop Form ation is 
s h e a r e d .
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Diabase In trus ions
Undeform ed diabase intrusions extend across the study area and cross­
cut all o ther rock types and generations o f structures (Plate I). Visser (1956) 
and Viljoen and Viljoen (1969a) recognized that this set o f  dikes is - 
nonconform ably covered to the northw est by the Proterozoic (Cahen et al., 
1984) Transvaal System. Most of the dikes intruded along faults and jo in ts that
strike  approxim ately 30° west of north.
A quartz-bearing diabase, locally  d isplaying graphic texture (Fig. 9), 
crops out along the north side o f the Maid o f  the M ist M ountain Syncline at 
the southeastern end o f  the study area. This intrusion cross-cuts M oodies 
sandstones and appears to  have been associated w ith severe m etasom atic 
alteration o f  the adjacent terrane. Rocks in the valley between the Maid of 
the M ist M ountain Syncline and the Inyoka Fault and in pods within the Maid 
o f  the M ist M ountain Syncline have been severely  altered by hydrotherm al 
m etasom atism  that w idely disguised their original parentages (Fig. 3; Plate I).
The outcrops are com posed o f severely w eathered, iron- and chlorite-rich ,
dark green and orangish-brow n, earthy m aterial w ith local fragm ents of 
identifiable M oodies and Fig Tree rocks.
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Figure 9. Quartz-bearing diabase displaying a m icrographic texture was 
collected along the north side o f the Maid o f the M ist M ountain Syncline. 
Cross-nicols. Sample - LH 703.
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ST R U C T U R E
I n t r o d u c t i o n
The northern margin o f  the Barberton greenstone belt, lying 
im m ediately adjacent to the Kaap Valley Pluton, consists of tightly  folded 
rocks o f  the Swaziland Supergroup that are cut by num erous large and small 
faults. P revious workers have variously interpreted these structures as the 
result o f  diapiric emplacement o f  the Kaap Valley Pluton into the overlying 
greenstone belt (Viljoen and Viljoen, 1969b; Anhaeusser, 1976; Fripp et al., 
1980; Robb et al., 1986), regional north-directed thrusting (Fripp et al., 1980; 
Jackson et al., 1987), south-directed thrusting (Daneel, 1986), and dextral 
shearing (H ose and Lowe, 1987).
In the present study, six phases o f  deformation, to D6, are recognized
that predate intrusion o f  Late A rchean o r Early Proterozoic diabase dikes 
(Table 1). The earliest deform ation, D j, is represented by faults and folds
affecting Onverwacht and lower Fig Tree strata. A second period o f 
deform ation during Fig Tree time, D 2, also formed folds. Large, steeply
dipping, approxim ately east-w est strik ing  thrust faults and associated  folds 
and cleavage form ed following deposition o f the Moodies Group, D3. A strong
cleavage in the M oodies strata in the northern blocks and approxim ately east- 
w est-strik ing norm al faults in the northern  part o f the study area represent 
episode D4 . Dextral shearing and folding characterized D 5 S teeply d ipping,




























F i - Tight to isoclinal, steep 
plunging folds with e-w trending 
axial planes.
F 2  - Tight folds plunging less than
10°. Approximately e-w striking 
axial planes.
F 3  - Tight folds with axial planes 
that strike east-eastwest - west- 
southwest to east - west. First of 
the post-M oodies deformations.
F 4  - Conjugate & crenulation folds 
with sub-horizontal axes.
F 5  - Predominantly dextral 
rotation folds.
FA ULTS
B j - Faults cutting Onverwacht 
and Fig Tree strata.
FO LIA TIO N
B 3  - Large, ne-sw to west- 
northw est - east-southeast 
trending thrust faults.
B 4  - Arc-shaped fault separating 
Kaap Vaal Pluton from greenstone 
ro ck s .
B 5  - Dextral faults. Shears are 
sub-parallel to nearly vertically  
dipping bedding.
5 3  - Pervasive cleavage in 
serpentinite along some faults. 
Scaly serpentinite. Associated
cleavage in all rocks.
5 4  - Cleavage and foliation 
developed in rocks along the
northern part of the greenstone 
b e lt .
B$ - North-south striking, 
vertically  dipping faults. T able  1. Ul
to
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m inor, north -sou th-trend ing  vertical faults form ed during  the last stage o f 
deform ation, D6.
Previous studies
The only published detailed  structural studies o f the Barberton 
greenstone belt have reported polyphase deform ation to  the northeast o f the 
town of Barberton (Ramsay, 1963; Anhaeusser, 1969b; 1972; 1976; Gay, 1969) 
and in the southern part o f the belt (Lamb, 1984).
Two early  episodes o f folding associated w ith subhorizontal thrusting 
affected low er F ig  T ree and o lder greenstone rocks in  th e  central part o f the 
belt according to Lowe et al. (1985). Their F j fold axes are steeply plunging, 
generally >50°. F2  fold axes plunge <10° to the east or northeast. They 
suggested  th a t nappe-form ing  and  th rusting  accom panied  Schoongezicht 
volcanism  and  in trusion .
Ram say (1963) recognized three periods o f  deform ation that followed 
the deposition o f  the M oodies G roup in the northeastern part o f the 
greenstone belt. Large (wave lengths greater than 1 km) folds with steeply 
inclined, northeast-sou thw est strik ing  axial p lanes form ed during the first 
period. T he second deform ation superim posed w idespread slaty cleavage and 
schistosity across the older folds. Conjugate shear-folds form ed during the
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final period, w hich may have been contem poraneous w ith the bending o f the 
axial planes o f the Eureka and Ulundi Synclines northeast o f the study area.
A nhaeusser (1976), also describing the belt to the  northeast o f this 
study, m odified Ram say's sequence by identifying four periods o f  post- 
M oodies deform ation. In his model, diapiric emplacem ent o f  the Kaap Valley 
pluton accom panied and caused the fabric-form ing, second episode and the 
arcuation o f the Eureka Syncline, the third event. D uring the fourth period, a 
regional vertical prim ary com pressive stress, which he a ttribu ted  to the 
em placem ent o f  younger granite p lu tons, form ed con jugate  and crenulation 
fo ld s .
Lamb (1984) docum ented four phases o f deform ation in the southern 
part o f the belt. The first was a period o f regional stratigraphic inversion and 
nappe tectonics sim ilar to the Dj Fig Tree tectonics reported to the north. The
second period involved high level synsedim entary fo ld ing  and th ru st faulting  
o f  alluvial deposits that are probably correlatable with the low er M oodies or 
upper Fig Tree strata. The third and fourth stages folded all greenstone strata 
and the ea rlie r  s tructures.
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Pre-Moodies Deformation
Lowe et al. (1985) have described two generations of tight to isoclinal, 
folds within the Onverwacht and Fig Tree strata. F j folds are steeply plunging
folds with axial planes that strike approxim ately east-west. O nverw acht and 
low er Fig Tree strata in the Inyoka (Fig. 3), Haki, Zumpy, Brighton Kop, and 
O orschot-W eltevreden Blocks (Plate II) show  this type o f folding, which is 
absent in the Schoongezicht and M oodies strata. Fold amplitudes appear to be 
g rea ter than 500 m.
Exam ples F j folds include the Brighton Kop syncline and folds in the
central part of the Inyoka Block (Fig. 3). The Brighton Kop syncline plunges 
7 9 °  S81°W  and one in the central Inyoka Block plunges at approxim ately 80° 
S 8 0 °W , both trends based on extrapolation from limb intersections (Fig. 10). 
N either the plunge o f the fold axis nor the strikes and dips o f the lim bs o f the 
syncline in the Zumpy Block could not be directly measured but the axial 
trace  trends approxim ately N 75°E and an electro-m agnetic survey traversing 
across the eastern end o f  the syncline suggests that the axis plunges at 
g reater than 30° (E. H. Stettler, written com m unication, 1987).
Lowe et al. (1985) documented east-directed thrust faults that predate 
deposition  o f the Schoongezicht Form ation. Pre-Sclioongezicht o r pre-
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M oodies faults may occur in the study area but have been obscured by later 




Figure 10. Equal area stereonet projections o f the limbs and fold axes o f two F 1 
synclines. a.) B righton Kop Syncline (see Figure 13 for a map of the 
syncline); b.) Syncline within the central part o f  the Inyoka Block.
*>2
T ig h t fo ld s  w ith sub -horizon ta l, approxim ately  east-no rtheast-trend ing  
axial p lanes are common in the M apepe conglom erate and sandstone strata
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imm ediately south o f  the Inyoka Fault and in several m asses o f  black chert 
within the central Inyoka Block (Fig. 3; Plate II). The axial planes o f these 
folds have been la ter refolded but direct m easurem ent o f  the axes across 
canyons and over h ills shows them to plunge at <15° to the east. Amplitudes of 
F 2  folds are typically 5 to 20 m.
F j  and F2 folds in the present area are compatible with the two periods
of late Fig Tree age folding recognized by DeW it (1982) and Lowe et al. (1985), 
although evidence constraining the relative tim ing o f  the D j and D2 was not
found. The M oodies Group lacks the tight folding and shearing that 
characterize the O nverwacht and lower Fig Tree strata, and D j and D2 
structures do not extend across post-M oodies faults. No D j or D 2 structures 
w ere recognized w ith in  Schoongezicht rocks, but generally  poor exposures 
due to w eathering and forestation and the lack o f distinctive m arker layers 
may make them d ifficu lt to recognize.
Post-Moodies Deformation
Although stra tigraphic  changes suggest that the M oodies Group was 
deposited in a foreland basin in front o f  a northw ard or northw estw ard 
moving thrust belt (Jackson et al. 1987; Hose, this volume, C hapter 2), there is 
no evidence in the study area o f deform ation during deposition  o f the Moodies 
Group. Thrust fau lting  and folding contem poraneous w ith the deposition of
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sandstones and conglom erates that are probably equivalen t to the M oodies 
Group have been documented by Lamb (1984) in the southern part o f the 
greenstone  belt.
*> 3
The oldest folds affecting M oodies strata are large, tight synclines with 
axial planes that typically  strike east-northeast to east-southeast. Although 
no en tire , f irs t-o rd e r synclina l-an tic lina l pa ir is p reserved , the am plitudes 
and wavelengths o f these F3 folds m ust be on the order o f  one kilometer or 
more. The axial planes o f F 3 synclines were bent during la ter deform ational 
events. The Pow erline Road Syncline, the southernm ost F 3, is a structural 
basin with an axis that plunge 18° S85°E at the west end (Fig. 11a) and 32° 
N 83°W  at the east end (Fig. l ib ) .  Shears parallel and subparallel to bedding in 
the southw est, west, and northw est sides (Plate II) probably resulted from 
flexural slip during  folding o f the syncline.
Two o ther F 3 structures, also south o f the Inyoka Fault, are the doubly
plunging M aid o f  the M ist M ountain Syncline, which plunges 53° S55°E in the 
northwest end to 6 °  S38°E in the west-central part (Fig. l lc - e )  and a smaller, 
problem atic unnam ed syncline that deform s M oodies s tra ta  w ithin the eastern 
part o f the Inyoka Block. The unnamed syncline has been refolded and has 
an axis that plunges 63° S33°E (Fig. I l f ;  Plate II). Sedim entary structures in
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F 3 synclines. a.) W est end o f  the Powerline Road Syncline; b.) East end o f the 
Pow erline Road Syncline; c.) Northwest end o f the Maid o f  the M ist M ountain 
Syncline; d.) Central part o f  the M aid o f the M ist M ountain Syncline w ithin the 
study area; e.) Southeast part o f  the M aid o f the M ist M ountain Syncline within 
the study area; f.) An unnam ed syncline within the eastern part o f  the Inyoka 
B lock .
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the M oodies show the south limb of the fold to be north-younging. Therefore, 
the structure is a syncline. Clearly the result o f  post-M oodies deform ation, 
the form of the fold closely resembles F3 structures. Rotation o f the fold axis
past vertical and towards the south probably resulted from later, dextral 
ro ta t io n .
The Saddleback Syncline is also a F3 fold. The axial plane and northern 
limb have been removed within the study area by shearing along the 
Saddleback Fault but are preserved to the east where the axis plunges to  the 
west and southw est (Visser, 1956). The north-younging block o f M oodies 
strata in the M oodies Hills may be the southern lim b o f  another syncline, 
possibly the western extension o f the F3-Eureka Syncline, but no axis or
northern lim b has been preserved within the study area.
F 3 anticlines in the M oodies Group have been removed by erosion o f 
the higher levels o f this fold belt. F3 folding m ust have also affected the older 
greenstone rocks. The tightly folded, approxim ately east-w est trending Fig 
Tree and Onverwacht terranes, including the Inyoka, Haki, Zumpy, and 
Brighton Kop Blocks, probably represent the tigh tly  compressed, low er level 
cores o f  the F3 anticlines.
Shearing along m ajor steeply dipping faults (B 3) has juxtaposed the
three greenstone groups. Fault traces generally trend east-northeast, sub ­
parallel to  the regional strike o f the beds and the F3 axial planes (Visser, 1955;
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Anhaeusser et al. 1981) (Fig. 2). Despite large apparent offsets, no 
allochthonous m aterial has been reported. All B3 structures in the study area
are associated with tectonic m elanges, defined by Cowan (1985) as fragments 
enveloped by a finer grained matrix (P late II). Although not indicative o f a 
specific  setting , Phanerozoic m elanges are broadly related to convergent 
boundaries along m ajor strike-slip or reverse-slip faults (van de F liert et al., 
1980; Cowan, 1985). The m atrices o f  the melanges are commonly serpentinite 
that locally d isaggregates into len ticu lar polished chips, a fabric called "scaly 
serpentinite" (Cow an, 1985). Scaly serpentin ite is an extrem ely mobile 
m aterial that probably forms by cataclastic flow (Cowan, 1985; Saleeby, 1984).
The southern m argin o f the M oodies Hills and Brighton Kop Blocks is a 
m ajor D 3 shear zone here named the Ameide Fault. Although this fault has
been called the Sheba Fault by Daneel (1986), Tomkinson et al. (1988), and in 
m ining company reports, there is no com pelling evidence to suggest that it is 
a  continuation o f  the Sheba Fault in the Sheba Hills. The Am eide Fault zone 
varies from approxim ately 20 to 250 m wide and is marked by serpentinite 
contain ing  len ticu lar blocks o f black chert and silicified low er Fig Tree 
strata. The fault in the eastern two-thirds o f  the area is a band o f scaly 
serpen tin ite  (Fig. 4).
To the west, the Ameide Fault extends just south o f Brighton Kop and 
separates the Zum py and Brighton Kop Blocks. A zone o f  talcose serpentinite
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about 100 to 250 m wide characterizes this part o f the fault. The talcose 
serpentinite extends into the core o f  the D j anticline a t Brighton Kop (Fig.
12), suggesting that the Ameide Fault maybe a reactivation of an earlier Bj 
structure. The Ameide Fault is vertical near the surface.
0 meters 250
EXPLANATION
{I' -{Moodies Group 
□ ?  Tree Group
r^yOnverwaetit Group ------
IL-Jsilicified ultramafic rocks
FTlO nvarw acht Group x  Zumpy Syncline
1—^(talcose ultramafic rocks; Copyright. 1990, L. P . Hose__________
Figure 12. A nticlinal-synclinal fold pair along the Am eide Fault that may 
represent structures. Thus, the Ameide Fault may be a D j structure that was 
reactivated during the D3  stage.
The southw estern boundary o f the M oodies H ills B lock separates lower 
Clutha conglom erate and sandstone from  low er Fig Tree and Onverwacht 
rocks. A black, fine-grained siliceous rock that crops out along the contact 
betw een the  O nverw acht and M oodies s tra ta  near the northw estern co rner of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the Brighton K op Block displays m icroboudons and "necking" structures and 
has been in terpreted  as a  silicified  m ylonite (D aneel, 1987). O ther fragments 
of black and banded chert with their longest dim ensions parallel to the 
contact are exposed along the boundary adjacent to both the Fig Tree 
ferruginous sandstone  and O nverw acht silicified  u ltram afic  terranes (P late 
I). This contact is interpreted as another D3 fault, a lthough compelling
evidence o f  shearing is lacking along m ost o f the boundary between the 
Sheba sandstone in the Brighton Kop Block and the low er Clutha sandstone 
and conglom erate in the Moodies Hills Block.
The Haki Fault extends between the Zumpy and Haki Blocks and is 
delineated a zone 30 to 200 m wide o f  talcose serpentinite with ferruginous 
clastic rocks on each side. The fault is interpreted as a B 3 structure based on
its m erger w ith the Ameide Fault about one kilom eter east o f the Princeton 
Mine (Fig. 2; Plate II).
The Saddleback  Fault, another apparent B 3 structure, forms the north
side o f the Saddleback Syncline and continues west through the Princeton 
Mine area, where drill cores show that the fault is vertical to a depth of at 
least 350 m. Tectonic inclusions o f  M oodies sandstone and banded and 
chrom e-m ica-rich  chert are scattered w ithin a sheared, fine-grained Fig Tree 
matrix along the north  side o f this fault. The largest fragm ent is a strongly 
foliated (S3) block o f Moodies sandstone with flattened shale clasts in the
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southeast portion o f  the Haki Block (Fig. 2; Plate II). A thin (<40 m wide), 
sheared, serpentin ized and silicified ultram afic zone defines the Saddleback 
Fault in the western half o f the area.
The Inyoka Fault is a broad zone o f shearing ranging from about 50 to 
450 m wide. The fault approxim ately m arks the boundary between southern
and northern facies in the Onverwacht (Lowe and Byerly, in review), Fig Tree
(Heinrich and Reimer, 1977; SACS, 1980), and M oodies (Hose, this volume) 
G roups, em phasizing the structure 's significance. H einrich  and Reim er 
(1977) proposed that shearing along the Inyoka Fault elim inated a subm arine 
ridge that separated d istinctive, but not necessarily  d istant, southern and
northern Fig Tree facies. Upper M apepe strata in the w estern h a lf  o f  the
study area im m ediately south o f  the Inyoka Fault resem ble the turbiditic
sequences o f the northern  facies Sheba Form ation. This observation suggests 
that transitional F ig Tree facies were juxtaposed by later lateral tectonics,
rather than deposited in two discrete basins. The placem ent o f older rocks on 
the south side against younger rocks along the north side further suggests 
that the fault was north-directed. Hose (this volum e) argues that nearly 
identical M oodies clastic components on both sides o f  the fault also suggest a 
sing le  basin during M oodies deposition.
The Schultzenhorst Fault, another probable B3 s truc tu re , separates
O nverw acht serpentin ite  in the Inyoka Block from Schoongezicht rocks in
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the Schultzenhorst Block (Fig. 2). Fragments o f black chert and chrome- 
m ica-rich  chert crop out w ithin the serpentinite along  the trace o f the fault. 
An outcrop o f chrom e-m ica-rich chert is adjacent to  the fault on the southern 
side. The fault is nearly vertical and the trace trends east-northeast. Near the 
Pow erline R oad Syncline, it bends sharply to the south-southeast; a trend 
abruptly term inated by the northw est side o f the syncline.
The D 3 faults have jux taposed  strata, resulting in the elim ination o f
over a kilom eter o f stratigraphic section along the Inyoka and Ameide Faults. 
The faults strike sub-parallel to the bedding in the southern limbs o f 
associated synclines (F3). The folds have sub-horizontal to m oderately steep,
w est-plunging fold axes and verge to the north to north-northw est. The
northern lim bs o f  the associated folds have been truncated , suggesting the 
age o f shearing generally youngs to the north. The Saddleback Fault 
com pletely truncates the Saddleback Syncline and elim inates the Inyoka Fault 
trace, probably  representing a sligh tly  younger age fo r the northern fault. 
Based on this evidence, the nature o f thrust terrains to m igrate towards the 
foreland, and consistent with in terpretations by Lam b (1984) o f post-M oodies 
faults in the southern part o f  the greenstone belt, these faults are interpreted 
as north- o r northw est-directed  th ru st faults.
Several large faults that appear to have been form ed during the same 
stage o f tectonism  as the Inyoka and Ameide Faults do not m eet the criteria  of
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north-directed th rust faults. The Schultzenhorst, Saddleback, and Haki Faults 
divide younger rocks to the south and older rocks to the north, contrary to the 
characteristics o f  north-directed thrust faults. If  they are D3 stage structures,
they m ust represen t back-thrust faults splaying o ff o f the Inyoka and Ameide 
Faults. A lternatively , they may represent a unrelated, later generation of 
shearing (Fig. 13). A single, approxim ately north-south-trending fault that
truncates p re-M oodies (F2) structures (Fig. 3) probably represents a D3 stage
tea r fault.
P lanar fabrics within the study area include fo liation , schistosity , and 
cleavage defined by alignm ent o f talc , serpentine, m icas, o r flattened clasts. 
The oldest p lanar fabric that is preserved and recognized, S3, is a pervasive 
cleavage in O nverw acht serpentinite and fine-grained Fig Tree rocks. S3 
fabric is found along the major D3 faults. Foliation within the Haki and 
Zum py Blocks clusters around N76°E 6 8 °S (Fig. 14). The fabric within the 
northern h a lf  o f  the Inyoka Block is m uch more scattered, probably resulting 
from the later dextral rotation. Scaly serpentinite along the eastern two- 
thirds o f the Am eide Fault displays a pronounced S3 cleavage that is so
sev ere ly  co n to rted
that m easurem ents were not attem pted (Fig. 4). A talc-carbonate schist also 
exhibits a strong, planar S3 cleavage trending approxim ately N 80°E  77°S along
the Saddleback Fault about one-and-a-half kilom eters east o f  the Princeton
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Mine. As this fabric is most prominent within and along the major D3 shear 
zones, it probably resulted from the folding and shearing associated with D3 







\  KAAP VALLEY PLUTON V i .
a. M oodies, Haki, and Saddleback Faults are shown as backthrust faults.
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b. M oodies, Haki, and Saddleback Faults are shown as normal faults.
Figure 13. Schem atic diagram  showing alternative relationships o f  the Haki,
Saddleback, and Auber V illier Faults during D4. Further north-south
com pression follow ing the em placem ent o f  the Kaap Valley Pluton has
resulted in  the present-day tigh ter folds and s teeper dipping lim bs. See
figure 1 2  fo r explanation o f  symbols.










Figure 14. Equal area stereonet projections o f  poles o f foliation (S3) in: a.) Haki 
Block; b.) Zumpy Block; c.) Inyoka Block.
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Bedding, fold axial planes, and fault surfaces are steeply dipping to 
overturned throughout m ost o f the greenstone belt (Plate II). These 
structures were probably rotated to nearly vertical during this period o f tight 
fo ld ing  and deform ation.
A south-dipping (deB eer e t al., 1988) normal fault (B4) separates the 
greenstone belt from the uplifted Kaap Valley Pluton to the north. The sharp 
contact lacks a chill boundary. Plutonic rocks at the contact are severely 
w eathered , coarse-grained  tonalite  representing slow cooling o f  the parent 
m agm a at a m oderately deep level. Slivers o f  the granitic rock, extending for 
over 100 m into the ultram afic body, are also coarse-grained. Ultram afic 
rocks adjacent to the pluton provide no evidence o f contact m etam orphism .
There are no conclusive data on the age o f shearing along th is fault. 
Barton et al. (1983) reported a Rb-Sr isochron age for the pluton o f  3.48 - 3.49 
Ga. A common Pb age o f about 3.2 Ga was provided for the tonalite by Robb et 
al. (1986) who hypothesized that the later date represents a tim e o f isotopic 
resetting as a result o f  vertical rise and that the older, Rb-Sr date was the age 
o f m agm atic crystallization. Tegtm eyer and K roner (1986) proposed a sim ilar 
age (3.23 - 3.25 Ga) for the rising o f the Kaap Valley pluton based on U-Pb 
isotopes in  zircons and sphene. However, recent high-precision Pb-Pb zircon
*
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dating o f  dacites indicate that the Schoongezicht Form ation is as young as 
3.225 Ga (Kroner et al., 1989). If correct, this date requires that D3  through D6
occurred after 3.225 Ga ago.
Folds with sub-horizontal axes and am plitudes o f less than one m eter 
are comm on in the M oodies sandstones and siltstones in  the Moodies H ills but 
are absent in the Moodies strata to the south. These structures are sim ilar to
conjugate and crenulation folds in the Eureka Syncline described by
A nhaeusser (1976), who suggested that they may have been second-order 
structures developed during the em placem ent o f the granitic plutons (D4).
Ram say (1963) suggested that this style o f  folding developed synchronously 
with the deform ation o f the F3 Eureka Syncline fold axes, an event (Ds?) that
followed the uplift o f the plutons. Absence o f the small amplitude folds with
sub-horizontal axis in the Saddleback Syncline and terranes to the south of
the Inyoka Fault, a distribution that is characteristic o f D 4 structures, support
the suggestion that this style o f folding was associated with the emplacement 
of the Kaap Valley Pluton.
T he event that resulted in the faulted uplift o f  the Kaap Valley Pluton is 
identified as D 4 based on a planar fabric, S4 , that becomes stronger with
proxim ity to the pluton. The strong cleavage, which is parallel and sub­
parallel to the adjacent boundary o f  the Kaap V alley Pluton, is pervasive in 
the Oorschot-W eltevreden Belt (Fig. 15a). Clasts in the northern Moodies Hills
with permission of the copyright owner. Further reproduction prohibited without permission.
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are flattened along the same plane (Fig. 15b). Flattening is particularly 
pronounced in the pebbles and cobbles in the conglom erate at the top o f the
OORSCHCT
FOLIATIONn •  a
MOOOfES HILLS 





Figure 15. Equal area stereonet o f the poles o f foliation in: a.) Oorschot- 
W eltevreden Block, north o f the Moodies Fault; b.) northern Moodies Hills; c.) 
Saddleback Fault Zone.
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Joe's Luck Form ation (Fig. 16). The planar fabric's strike and dip is sub­
parallel to bedding providing evidence that the strata had been rotated to 
nearly vertical p rio r to the D4 event.
e,;T~a •
Figure 16. Photograph o f stretched chert clasts in the M oodies Hills.
The two generations o f  planar fabric in the study area, S3 and S4,
display sim ilar orientations (Fig. 14 and 15). They are d istinguished by their 
differing penchant. The S3 fabric is associated with D3 shear zones and is not
displayed w ithin the m ajor blocks o f  the M oodies sandstones and 
conglom erates. T he S4 fabric is prom inently displayed w ithin the sandstone
and conglom erate outcrops in the northern part o f the M oodies H ills and it 
becom es m ore strongly developed with proxim ity to the K aap Valley Pluton.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Anhaeusser (1974) also recognized two p lanar fabric stages. The first 
was described as a slaty cleavage that developed during the earliest, post- 
M oodies folding event (D3 in this study). The second was characterized by
pebble flattening adjacent to the granite contacts in the western and 
northern  lim bs o f the Eureka Syncline. Ramsay (1963) only identified one 
p lanar fabric producing stage in the northeastern  part o f the greenstone 
belt. He reported that the slaty cleavage and clast lineations cross-cut 
bedding and the fold axis in the Eureka Syncline (F3), suggesting that it is a
"superim posed structure" that developed after all m ajor folds, including the 
Eureka and Ulundi Synclines. Both workers recognized that the planar fabric 
adjacent to and within the granitic bodies are parallel to the faulted contacts 
betw een the plutons and the greenstone belt and that they changes as the 
trend o f  the fault changes. The extension o f parallel foliation and cleavage 
from the greenstone belt into the adjacent pluton shows that the fabric 
form ed during or after the em placem ent of the pluton, the second period o f 
post-M oodies deform ation (D 4).
The M oodies Fault (Fig. 2) is also interpreted as a D4 structure. The fault 
separates the Onverwacht in trusive and extrusive rocks in  the Oorschot- 
W eltevreden Belt to the north from the younger, clastic rocks in the M oodies 
H ills to  the south. Resistivity and gravity data indicate that the M oodies fault 
dips at approxim ately 80° to the south (Fig. 17) (de Beer et al., 1988; E. H.
with permission of the copyright owner. Further reproduction prohibited without permission.
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Stettler, 1987, personal comm unication). The M oodies Fault is a narrow, less 
than 30 m wide zone in the eastern and central part o f the study area. 
Fragm ents o f  lower Fig Tree and upper Onverwacht cherts with exposed 
dim ensions o f  less than 100 m crop out along the fault. The fault bifurcates to 
the west. The southern branch, the M organ Fault, continues to the west 
(W uth, 1980) as an approximately 50 m wide zone o f sheared ultram afic rocks 
that separa tes a north-younging sliver o f Sheba ferruginous banded chert
>  4 0 0 20 30 4 0 6050 ro
< 2 0 0
t a o o a i a s l s a d a i e D a c k l  I l n y o k a f ^ i gos  P e a k
E X P L A N A T I O N  
Z] G r a n i t i c  
3  Fig Tr aa  & Moo d la s  Gr ou p *
rocks
Figure 17. R esidual anomaly profile assum ing m ean regional density (2,670 
kg/m 3) and generalized geologic cross-section for a traverse that includes the 
study area (after de Beer et al., 1988). 1 g. u. = 0.1 mgal.
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and clastic rocks from the north-younging M oodies strata in the Moodies 
Hills. The M oodies Fault continues along the northern boundary o f  the Fig 
T ree rocks, separating  them from the W eltevreden outcrops (P late II).
Rocks adjacent to the M oodies Fault throughout the study area are 
extensively sheared. L inear trails o f chert inclusions, slickensides, and bands 
o f ultram afic rocks with prominent slaty cleavage (Fig. 5) within the
Oorschot-W eltevreden Belt are sub-parallel to the M oodies Fault as well as the
faulted contact w ith the Kaap Valley Pluton.
The M oodies Fault is a normal fault. Its southerly dip precludes an
interpretation o f  the structure as a D 3 backthrust fault. It is interpreted by
this study as the result o f  a block o f  W eltevreden rocks, the Oorschot- 
W eltevreden Belt, being dragged up by the rising Kaap Valley Pluton. This 
shearing resulted  in the uplift and later erosion o f  the north lim b and hinge 
surface o f  a syncline, leaving part o f the  southern, north-younging limb to 
form the M oodies Hills on the hanging wall side (Fig. 18).
*>5
Flexural fo lds throughout the M oodies H ills represent clockw ise 
rotation within the block. The folds, F5, are alm ost entirely z-shaped and the
fold axes plunges cluster around 43° S6 6 °E  (Fig. 19 and 20a). The Shebang fold, 
the largest o f  the z-shaped folds, has axes that plunge 3 6 °N 8 7 °E  (Fig. 20b).
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Figure 18. Schem atic diagrams showing the effects of the rise o f the Kaap 
Valley Pluton during  D 4 stage, a.) Proposed cross-section o f the northem part 
o f the study area at the end o f D3; b. Proposed cross-section o f the northern 
part o f the area at the end of D4. See figure 12 for explanation o f symbols.
Foliation planes o f  flattened M oodies clasts in the limbs o f  the Shebang fold 
have also been rotated and plots o f their poles define fold axes that plunge 
about 70° S87°E (Fig. 20c). Flattened clasts in the study area are unique to the
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M oodies Hills and were previously interpreted by this study as S4. The dextral 
ro tation event, D s , clearly post-dates a foliation-form ing event in the M oodies 
Hills, probably D4.
&  F o l d  a x i s  
s h o w i n g  
d i r e c t i o n  
ol  r o t a t i o n
n -  21
Figure 19. Stereogram o f fold axes in the Moodies Hills. Great circle 
defines the plane N42°E 45°SE .
The dextral rotation event also followed the m ajor synclinal folding 
stage (D 3). The axial trace o f the doubly plunging Powerline Road Syncline
changes from 18° S85°E at its west end to  32° N83°W at the east end (Fig. 11a). 
The axial trace o f  the Maid o f the M ist Mountain Syncline w ithin the study
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Figure 20. a.) Map showing the change in orientation o f the bedding and 
foliation along the limbs o f the Shebang fold limbs. See figure 12 for 
explanation o f  sym bols; b.)Equal area stereonet projection o f  the limbs and 
fold axes o f the F 5 Shebang anticlinal-synclinal pair in the M oodies Hills; c.) 
Equal area stereonet projection o f the orientation o f flattened clasts in the F5 
Shebang fold.
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area varys from 61° S62°W at its northwest end to 6 ° S 5 2 °E  to the southeast (Fig 
10b). Folding o f the synclinal axes o f these two F 3 structures probably also 
occurred during  D5.
A lthough largely ignored in the literature o f  the last twenty years, 
early w orkers recognized a m ajor dextral shearing event, D5, along the Sheba,
Saddleback, and two other faults east and northeast o f  Barberton (Boardman, 
1950; V isser, 1956; Roering, 1965). They described these structures as thrust 
faults, B3 , that were reactivated as wrench faults, B5, follow ing the 
developm ent o f  slaty cleavage and the flattening o f  clasts, S4. Anhaeusser 
(1965) iden tified  fractures, drag folds, cymoid loops or curves, and brecciated 
zones associated w ith dextral wrench faults east o f  B arberton as the most 
im portant con tro ls  o f m ineraliza tion .
D extral shearing sub-parallel to bedding across the north-central and 
northeastern M oodies Hills resulted in a m aximum  stratigraphic separation o f 
about 700 m . The steeply dipping faults (B5) and strata in plan view resemble
the cross-section o f a thrust fault terrane (Fig. 21) (Hose and Lowe, 1987). 
F lexural-slip  folds within the M oodies Hills block are alm ost entirely z-shaped 
reflecting a clockw ise rotation th a t accom panied prim arily  dextral shearing 
and suggesting a plane o f movement o f N42°E 45°SE (Fig. 19). Foliation of 
clasts in the M oodies H ills have also undergone rotation across the mid-block 
faults. South o f  the dextral shear zone, foliation o f pebbles and grains has
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Figure 21. Detailed geologic map o f a part o f the Moodies Hills. B3 are thrust faults formed during the third period o f 
deform ation (D3). B4  are normal faults formed during the uplift o f the Kaap Valley Pluton. B5 are dextral faults 
formed during the fifth stage o f deformation. Bg are north-south-striking, vertically dipping faults formed during 




been rotated where the strata have folded clockw ise (Fig. 20). Foliation data 
north o f  the fault are less scattered, due to the absence o f large folds, and 
average about N80°E 45°S (Fig. 15a and 15b). Thus, the dextral shearing event,
like the dextral folding stage, was probably younger than the foliation- 
fo rm ing  event.
The dextral shearing event affected the central and southern parts of
the study area as well. Blocks o f M oodies sandstone and conglom erate adjacent 
to the north side o f the Inyoka Fault have a dextral separation relative to the 
m ain block o f the Saddleback Syncline, evidence o f  reactivation along the 
fault during D5 (Fig. 22; Plate II). The axis o f the Maid o f the M ist Mountain
Syncline also has a dextral separation o f  about 70 m along a west-northw est 
trending shear. The com plexly folded and sheared rocks in the Inyoka Block 
in between Inyoka Fault and the M aid o f the M ist Mountain Syncline were 
undoubtably greatly affected by the D 5 event.
*>6
N orth-northw est s tr ik in g  faults, B 6> displace all o ther structures, 
including the M oodies, A m eide, Saddleback, and Inyoka Faults and the dextral 
faults within the Moodies H ills (Fig. 20; Plate II). They appear to be nearly
vertical dip-slip faults and are m ost common in the northern part o f  the belt.
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Many o f  the B6  structures are intruded by the youngest rocks in the 
Barberton area, the pre-Transvaal age (>2.3 Ga) diabase dikes (Plate I).
n V
Saddleback Syncline '
_________________ s j_ _ _ J  Moodies Croup
|  j Marker unit in lower 
I_____1 Moodies Croup
[-■ Onverwacht and Fig 
1 — Tree Cruups
-C»— Dextral faults
1 ■ " "  B k  M — i—  Synclinal axis
0 I KM1 ,  f
Copyright, 1990, L  D. Hose
Figure 22. M ap o f  the southeastern part o f the study area em phasizing dextral 
faults (B5 ) and folds (F5 ).
Deep Structure
De B eer et al. (1988) identified a strong gravity positive throughout the 
B arberton greenstone belt and in terpreted it  to represent a thick layer o f 
ultram afic m aterial under the entire belt. Their DC resistivity and gravity 
study also suggests that the greenstone sequence is only four to eight
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
kilom eters deep, approxim ately three to ten kilom eters less than the 
stra tigraphic  thickness o f the Sw aziland Supergroup, and is underlain by 
rocks w ith densities sim ilar to the surrounding g ranite  and gneiss terrancs. 
M ajor faults are therefore probably rooted in the Onverwacht Group. Fripp et 
al. (1980) suggested that the base o f the Barberton greenstone belt is a major, 
low -angle, south dipping sole thrust fault. The existence o f a sub-horizontal 
sole thrust at depth is likely but its presence at the base or within the 
O nverw acht G roup is unproven.
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S U M M A R Y
The north-central Barberton greenstone belt southw est o f the town of 
Barberton is crossed by the Inyoka Fault, a  m ajor boundary that separates 
northern and southern facies o f the Onverwacht, F ig Tree, and M oodies 
Groups. W ithin the study area, both facies o f all three lithostratigraphic units 
are exposed. No significant differences are displayed by the pervasively 
serpentinized and d isarticu lated  upper O nverw acht outcrops north and south 
o f the Inyoka Fault. However, the better preserved rocks o f the Oorschot- 
W eltevreden Belt include the Pioneer Intrusive Complex and lack silicified 
shallow  w ater sed im ents, thereby d iffering  from the southern facies 
Onverwacht rocks in the central part o f the belt. The lower F ig Tree strata 
display only subtle difference across the Inyoka Fault. The upper beds of the 
southern facies M apepe Form ation, previously described as non-turb id itic , 
quartz-poor sandstone and conglom erate, include tu rb id itic  sequences with 
up to 30% quartz in the study area. These beds resemble the turbidites o f  the 
northern facies Sheba Form ation. The northern facies o f the younger
Schoongezicht Form ation has a lim ited exposure in the area but it displays 
petrologic and prim ary structural features sim ilar to the southern  facies. The 
two facies of Fig Tree strata appear to be laterally gradational and do not 
represent two discrete depositional basins. The Clutha Form ation was also 
deposited in a single basin but uplift in the south resulted in e ither non-
with permission of the copyright owner. Further reproduction prohibited without permission.
deposition  o r removal through erosion o f the Joe's Luck and Baviaanskop 
Form ations south o f the Inyoka Fault. Large-scale, north-directed, thrust 
fau lting  along the Inyoka Fault jux taposed  the southern and northern facies.
M ultip le stages o f large-scale lateral tectonics have played a central 
role in the developm ent o f the Barberton greenstone belt. Thrust faulting 
( B j )  and nappe forming (F j and 2) occurred in the southern, central, and
northern part o f the belt during deposition o f the Fig Tree Group. M oodies 
age th ru s t fau lting  and accom panying uplift appears to  have interrupted 
deposition south o f the Inyoka Fault, providing rew orked sedim ents to a 
foreland basin to the north. Later thrust faulting (B3), developm ent o f  
cleavage near faults (S3), and folding (F3), probably resulting from  a 
northw ard m igration o f the earlie r southern thrust belt, affected the M oodies 
and other greenstone rocks in the study area. Follow ing uplift o f the Kaap 
Valley pluton (B4), m inor folding (F4) and the developm ent o f associated 
cleavage (S4), the study area was further disrupted by predom inantly dextral 
faults (B 5) and folds (F5), some reactivating B3 structures. The final 
deform ation stage (D6) is represented by steeply dipping, approxim ately 
n o rth -sou th -trend ing  d ip -slip  fau lts  (B 6).
C ontrary to classic m odels, the Barberton greenstone belt is not sim ply 
a large synclinorium . The tigh tly  folded, south-younging O orschot- 
W eltevreden Belt has been em placed by faulting. The block is not the base of
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a south-facing limb and the Onverwacht rocks north o f the M oodies Fault 
have been interpreted as younger than the O nverw acht strata in the central 
part o f the belt (Lowe and Byerly, in review). There is no evidence o f overall
younging to the south across the area nor w ithin any o f the blocks. Strata in
the Inyoka Block, Saddleback Syncline, B righton Kop Block, and M oodies Hills 
young to  the north. The repetition o f strata in this part o f the greenstone belt 
is the result o f large-scale, lateral faulting and is not due to  system atic folding
associated  with a belt-w ide synclinorium .
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CHAPTER 2
PETROGRAPHY AND PETROLOGY OF THE MOODIES 
GROUP IN THE NORTH-CENTRAL PART OF THE 
BARBERTON GREENSTONE BELT, SOUTH AFRICA: 
STRATIGRAPHIC RECORD OF AN EARLY ARCHEAN
FORELAND REGION
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A B STR A C T
The 3.2 to 3.1 Ga-old M oodies Group is the youngest unit o f the Swaziland
Supergroup in the Barberton greenstone belt, South Africa. The 2800+ m
sequence o f predom inantly  lithic aren ite , sub litharen ite , and arkosic arcnitc
is divided, from base to top, into the Clutha, Joe's Luck, and Baviaanskop
Formations. It overlies volcanic and volcaniclastic rocks of the Fig Tree
Group and, locally, the Onverwacht Group. The top o f the Moodies is not 
*
ex p o sed .
The petrology and stratigraphy o f  the M oodies Group was studied in 
four large, structurally  isolated blocks in the north-central part o f 
greenstone belt: the M oodies Hills, Saddleback Syncline, Maid o f the Mist 
M ountain Syncline, and Pow erline Road Syncline. The sublitharenite , lithic 
arenite, arkosic arenite, and subarkose o f the Clutha Formation north o f the 
Inyoka Fault were derived from two provenances: the underlying greenstone
strata  and a felsic crystalline terrane. The crystalline terrane may have been 
a part o f the Ancient Gneiss Complex. S trata south o f the Inyoka Fault arc 
solely com posed o f m aterial eroded from the greenstone belt. The quartz 
arenite, sublitharenite , and subarkose o f the Joe's Luck and Baviaanskop 
Form ations were probably derived from rew orked, cannabalized, o lder 
M oodies strata. Stratigraphic units equivalent to the Joe's Luck and 
Baviaanskop Form ations are absent south o f  the Inyoka Fault.
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The M oodies Group was deposited in a foreland basin formed by thrust 
faulting and uplift of the greenstone belt in the south o r southeast. The 
depositional basin deepened to the north and d istinctive northern and 
southern facies terrains are divided by the Inyoka Fault. It is proposed that a 
p lu ton ic/felsic  crystalline terrane provided detritus to the  part o f the basin 
com prising the northern facies but was isolated from  the present southern 
blocks. The northern and southern blocks were jux taposed  during thrust 
fau lting  and la te r  dextral shearing.
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IN TR O D U C TIO N
The approxim ately 3.2 to 3.1 Ga-old Moodies Group is the uppermost unit 
o f the Sw aziland Supergroup in the Barberton greenstone belt o f  South Africa 
(Fig. 1). It consists o f 2800+ m of quartzose, arkosic, and lithic sandstone, 
siltstone, and chert- and lith ic-clast conglom erate w ith m inor am ounts o f 
am ygdaloidal basalt, jasper, and shale. The quartz-rich  stra ta  contrast 
m arkedly w ith underly ing , predom inan tly  volcanic and quartz-poor 
volcaniclastic , biogenic, and chem ical sedim entary rocks o f the Onverwacht
and Fig Tree Groups (Viljoen and Viljoen, 1969; Lowe and Byerly, in review).
The depositional setting o f the quartz-rich M oodies Group remains 
controversial. Early workers considered it a m olasse assem blage deposited in
a geosyncline (Anhaeusser, 1964; Viljoen, 1964). This idea was later 
abandoned in favor o f  ensialic sag m odels in which the M oodies sediments 
were derived from surrounding highlands uplifted by d iap iric  p lutons around 
the greenstone belt (A nhaeusser et al., 1969; A nhaeusser, 1973) or from the 
walls o f  an in tra-cratonic rift (H unter, 1974). Later, E riksson  (1980) argued 
that the F ig  Tree and M oodies G roups represent a passive-m argin  sequence 
deposited along an A tlantic-type continental m argin. R ecent discoveries of 
syndepositional folds and thrust faults in the Onverwacht (de W it et al., 1983)
and Fig Tree Groups (Lowe et al., 1985) in the central p a rt o f the greenstone
belt and upper Swaziland Supergroup strata to the south (Lam b, 1984) have
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Figure 1. G eneralized stratigraphic colum n of the Sw aziland Supergroup. 
Onverwacht and F ig Tree Groups stratigraphy is based on Low e and Byerly (in
r e v ie w ) .
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prom pted a reassessm ent o f the depositional setting o f the M oodies Group. 
Jackson et al. (1987) combined stratigraphic evidence from the Fig Tree and 
M oodies G roups and structural data from both the Barberton greenstone belt 
and the Ancient Gneiss Complex (AGC) to infer that M oodies deposition 
accom panied progressive uplift and unroofing o f  the o lder parts o f the 
Swaziland Supergroup and the AGC to the south. They argued for a foredeep 
setting during deposition o f both the Fig Tree and M oodies Groups.
The M oodies Group was studied in the north-central part o f the 
Barberton greenstone belt, southw est o f  the town o f Barberton (Fig. 2). 
M oodies s tra ta  occur in four large, structurally  isolated blocks that are 
bounded on the north and south sides by m ajor faults: the M oodies Hills, 
Saddleback Syncline, Maid of the M ist M ountain Syncline, and Powerlinc Road 
Syncline (F ig. 3). This paper provides detailed petrologic and stratigraphic 
data from these blocks that support a model of deposition along the foreland 
side o f a th in-sk inned  fold-thrust belt.
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The Barberton greenstone belt is a sequence o f  slightly m etamorphosed 
and extensively m etasom atized volcanic and sedim entary rocks located near 
the eastern margin o f the Early Archean Kaapvaal Craton (Fig. 2). The strata 
are complexly folded and faulted. The slightly older AGC has been thrust 
against the southeastern boundary of the greenstone belt (Jackson, 1984).
The AGC and the greenstone belt are completely surrounded by 
contem poraneous and younger, Archean age gran ito id  plutons.
ANCIENT GNEISS COMPLEX
The Ancient Gneiss Complex, exposed to the southeast o f  the Barberton 
greenstone belt in Swaziland, is composed o f m etavolcanic and 
m etasedim entary rocks, m etad iorite  dikes, m eta-anorthosite , tonalitic  gneiss, 
quartz ite , quartzofeldspathic gneiss, taconite, am phibolite, m icaceous 
cord ierite  gneiss, and siliceous diopside-bearing gneiss and granulite 
(Hunter, 1973). Modal analyses by Hunter (1973) showed quartz to be 
ubiquitous (<37.5% ) in the AGC. Plagioclase, predom inantly oligoclase (~An2 o- 
3 0 ), and potassium  feldspar, including m icrocline, perth ite , and m yrm ekite, 
occur in m ost samples. Biotite and hornblende are common constituents. 
A ccessory m inerals include cum m ingtonite, gam et, d iopside, cordierite ,
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cp ido te , m agnetite , sphcne, zircon, sillim anite , tourm aline, apatite, 
hypersthene, and grunerite  (H unter, 1974).
Compston and Kroner (1988) reported a 3.644 +. 0.004 Ga date for a
tonalitic  gneiss rem nant w ithin the Ancient G neiss Complex. Determ ined by
U-Pb ion m icroprobe techniques, this date is the oldest age reported for the 
AGC and was proposed as the time o f  precipitation from the original magma. 
Therefore, the AGC is the oldest known regional lithologic unit. Structures 
w ithin the AGC have been in terpreted  as recording progressive northw est- 
verging overthrust movement that began about 3.4 G a ago (Jackson, 1984). 
Jackson et al. (1987) suggested that uplift may have caused an unroofing of 
the m etam orphites and provided detritus to the M oodies Group in the 
B arberton  g reenstone belt basin .
BARBERTON GREENSTONE BELT 
Stratigraphy o f  the Swaziland Supergroup
The 3.5 to 3.4 Ga old Onverwacht Group is the oldest unit of the 
Sw aziland Supergroup (Lopez-M artinez et al., 1984; Brevart et al., 1986) but is
younger than much o f the AGC (Com pston and Kroner, 1988). The Onverwacht
was divided into six form ations by Viljoen and Viljoen (1969). Lowe and 
Byerly (in  review ) have recognized  d istinctive northern  and southern facies.
They describe the southern facies as an 8  to 10 km thick sequence of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
kom atiite, basalt, and dacite with thin, chert layers. The northern facies is
also com posed o f kom atiite, basalt, and chert as well as layered ultramafic
in tru s iv e  com plexes.
O verlying the Onverwacht Group is the Fig Tree Group, the middle unit 
o f  the Sw aziland Supergroup, w hich has also been d iv ided  into distinctive 
northern and southern facies (H einrich and Reim er, 1977). The lower section 
o f the northern  facies is approxim ately 1500 to 1800 m o f turbiditic shale, 
siltstone, and sandstone overlain by black and white chert layers (van Eeden, 
1941; Low e and Byerly, in review). The upper section o f  the northern facies, 
the Schoongezicht Formation, is approxim ately 200 to 450 m o f turbiditic, 
p lag ioclase-rich  sandstone and m udstone (Low e and Byerly, in review). The 
lower section o f  the southern facies is described by Lowe and Byerly (in 
review) as 200 to 700 m of terrigenous shale, chert-grit sandstone, and chert - 
c last cong lom erate  in terstratified  w ith th ick  units o f  fine-grained dacitic 
pyroclastic and volcaniclastic sedim ents and m inor am ounts o f chert, jasper, 
and barite. It is overlain by the 200 to 500 m thick southern Schoongezicht 
Form ation  com prising  dacitic in trusive, ex trusive, and volcan iclastic  rocks.
The youngest unit o f the Swaziland Supergroup is the M oodies Group
including, from base to top, the Clutha, Joe's Luck, and Baviaanskop
Form ations. These rocks are rem arkably w ell-preserved despite  their 
antiquity. P rim ary features such as em baym ents in quartz  grains, cuhedral
with permission of the copyright owner. Further reproduction prohibited without permission.
1 12
beta quartz crystals, cross-beds, dewatering structures, and mud cracks are 
com m only displayed (Fig. 4).
Figure 4. Mud cracks in the upper Clutha Form ation in the Saddleback 
S y n c l in e .
S t r u c t u r e
M oodies strata  are m ore coherent than the adjacent, severely deform ed, 
and older units o f  the Sw aziland Supergroup, the F ig  Tree and Onverwacht 
G roups. The north-central part o f the greenstone be lt has experienced four
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
periods o f  deform ation follow ing deposition o f the M oodies Group (Hose, this 
volume, chap. 2). The earliest post-depositional episode resulted in large- 
scale, north-verging thrust faults and folds nappes. Only the steeply dipping 
lim bs and synclinal troughs o f  these high-level folds have been preserved 
within the M oodies strata. The next stage of deform ation caused south- 
d ipping, norm al faults and approxim ately  east-w est strik ing  foliation along 
and near the northern boundary o f this part o f  the greenstone belt. The later 
periods o f deform ation resu lted  in dextral shearing and transpressive folding 
fo llow ed  by no rth -northw est s trik in g , h igh-angle  fau lting .
The approxim ately east-w est striking Inyoka Fault (Fig. 3) is a m ajor 
north-verging thrust fault (H ose, th is  volum e, chap. 2) th a t d iv ides the 
southern and northern facies o f the Onverwacht (Lowe and Byerly, in 
review) and Fig Tree (H einrich and Reimer, 1977) Groups. It also separates 
d istinctive facies within the M oodies Group.
The blocks o f M oodies rocks that are south o f  the Inyoka Fault, the 
Pow erline Road and Maid o f the M ist M ountain Synclines, are structural 
basins (Fig. 3; Plate II). The Powerline Road Syncline is a 810 m thick 
sequence o f  coarse- and very coarse-grained M oodies sandstone and 
conglom erate that includes the low er contact with the Schoongezicht 
Form ation on the south side o f  the syncline. The contact appears to have been 
removed by faulting on the north side. The Maid of the M ist Mountain
with permission of the copyright owner. Further reproduction prohibited without permission.
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Syncline contains about 500 m o f  coarse- and very coarse-grained M oodies 
sandstone but encom passing faults have rem oved the massive basal 
conglom erate layers that abound in the Pow erline Road Syncline. Unlike
m ost o f  the study area, both blocks have strata with moderate to shallow dips.
North o f the Inyoka Fault, the Saddleback Syncline is composed o f  a 
2800 m thick section of north-younging M oodies rocks. The north limb o f the 
syncline has been removed from the study area by shearing along the 
Saddleback Fault (Fig. 3). S trata are vertical to overturned and have only 
m inor am ounts o f internal shearing and folding (Fig. 4). The northernm ost, 
m ajor block o f  M oodies rocks is the M oodies Hills, which comprises an 
approxim ately 2700 m section o f the M oodies Group. Beds are nearly vertical 
to overturned and almost uniform ly young to the north.
A l t e r a t i o n
R ocks throughout the B arberton greenstone belt have been altered to 
lower greenschist facies (Viljoen and Viljoen, 1969). The Moodies Group is
less pervasively altered than the o lder rocks, in part due to its relative
youthfulness and, possibly, due to shallow er burial. Carbonation and 
silicification  have also extensively altered the sequence. Again, the M oodies 
Group is less affected, possibly due to the discontinuation o f  the volcanism 
associated with the earlier Onverwacht and Fig Tree Groups. Four periods o f
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post-depositional deform ation have resulted in cataclastic  alteration and a 
prom inent m icroscopic and m egascopic fla tten ing  o f  grains, particularly  
along the northern margin (Hose, this volume, chap. 2).
Figure 5. Photograph o f the Saddleback Syncline looking northwest from the 
Svengali area.
Silicification has widely affected rocks o f  the Swaziland Supergroup. 
Chert layers in the Onverwacht and Fig Tree Groups represent silicified 
evaporites (Fisher and Lowe, 1985; W orrell and Low e, in review), carbonates, 
sand- and silt-sized terrigenous sediments (Lowe and Byerly, in review), 
volcanic rocks, and volcaniclastic strata (Lowe and Byerly, 1984; Duchac, 1986; 
Duchac and Hanor, 1987). Silicification o f many kom atiitic volcanic rocks in 
the O nverw acht Group occurred before sign ificant tectonic deform ation 
(Lowe and Byerly, 1984; Duchac and Hanor, 1987). Clasts o f jasper, silicified
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volcanic rocks, and black, white, and banded chert that were derived from the
Onverwacht and low er F ig Tree Groups occur w ith in  the basal conglom erate 
o f the M oodies Group and demonstrate that silicification o f  these rocks 
occurred prior to deposition o f  the Moodies strata. The Moodies Group is little 
affected  by silicification . A checkerboard pattern w ithin the Powerline Road 
S yncline is d isplayed by nearly  pure, coarse-grained  m egaquartz sandstones 
that appear to have been hydrotherm ally altered. S im ilar rocks crop out 
along shear zones in the M oodies Hills.
F ine-grained  se ric ite  aggregates, often associa ted  with
m icrocrystalline  quartz (GM C), are common a lteration  products within the 
M oodies Group. These aggregates are particularly comm on in the lower parts 
o f the Clutha A and are interpreted as lithic volcanic fragm ents based on the 
p resence o f em bayed and euhedral bipyram idal quartz m icrophenocrysts, 
rem nant m icrolitic textures, and ghost outlines o f glass shards in some grains.
F ine-grained aggregates o f nearly pure sericite (>90%  sericite) compose up to
16% of M oodies sandstone strata south o f the Inyoka Fault and up to 10% north 
o f the fault. Throughout the M oodies Group, m any identifiable feldspar 
grains, m ostly p lag ioclase , contain patches o f fine-grained  sericite. 
A ggregations o f  sericite  that are lath-shaped are interpreted  as feldspar 
grains that have been diagenetically altered. Because o f the fragility o f the
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nearly pure sericite aggregates, some and perhaps all o f  the seriticization 
probab ly  occurred a fte r deposition .
All plagioclase with sym m etric extinction were optically identified on a 
flat m icroscopic stage as Ano-io* Although the albite composition of the 
p lag ioclase  is consistent w ith the sodium -rich Early A rchean tonalite and 
trondh jem ite , p lu tonic and gneissic  com plexes surrounding  the greenstone 
belt, including the AGC, and the sodium -rich volcanic rocks lower in the 
g reenstone sequence, the apparent absence of oligoclase suggests that 
calcium -bearing plagioclase grains were removed or altered. Albite is the 
stable p lag ioclase in greenschist facies rocks. The ubiquitous developm ent of 
albite in lieu o f other plagioclase also may be the result o f  secondary 
alb itization  o f prim ary feldspar resulting from m etasom atism  or burial 
diagenesis (M illiken et al., 1981; Boles, 1982). W alker (1984) suggests that 
sodium  is derived from the alteration o f sodium -bearing plagioclase to 
sodium -free clay and is transported by connate or m arine pore water. Thus, 
d iagenetic  alteration o f potassium  feldspar and plagioclase is greater in 
alluvial facies than m arine facies as early cem entation o f  m arine facies 
preserve orig inal com position. It is doubtful that calcium -bearing 
p lag ioclase  would have survived burial, diagenesis, and regional 
m e ta m o r p h is m .
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Secondary carbonation is locally so severe that altered units within the 
O nverw acht Group (V isser, 1956) and C lutha Form ation (Anhaeusser, 1976) 
have been in terpreted  as primary carbonates. In the carbonate-rich  units in 
the study area, however, the carbonate can be identified as a diagenetic 
product by a lack o f  the strain that is present in associated detrital grains, 
corrosion em baym ents o f  carbonate into detrita l grains, and, along the 
northern boundary o f the greenstone belt, the developm ent o f m asses of 
coarse mosaic spar that cross lithologic boundaries (Fig. 6 ). Pods o f nearly 
pure, coarse m osaic carbonate spar are contained within sandstones in the 
M oodies Hills, particularly in the B division o f  the Clutha Form ation, and in 
volcanic rocks o f the Onverwacht Group north o f the M oodies Fault. The 
p referen tia l d istribu tion  o f carbonate w ith in  radically  d iffe ren t litho logic 
sequences in adjacent but independent tectonic blocks probably represents a 
m obilization and/or infusion o f carbonate after the developm ent o f  the 
M oodies Fault and after the introduction o f  any strain fabric. The proximity 
o f  carbonated areas to present and past gold mines is also noteworthy. At the 
D evil's Staircase in the eastern portion o f  the M oodies H ills, a non-m ineralized 
area, samples from the Clutha B contained less than 5% carbonate. Clutha B 
sam ples from the Princeton Mine Tunnel, approxim ately 3.2 km to the west 
and near a m ineralized zone, contained 50 to 90% carbonate. The pods o f
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nearly pure carbonate  rocks within the O nverw acht G roup are also within 
m inera lized  areas.
0 0.5 mm
Figure 6 . High re lie f  carbonate has replaced parts o f  prim ary quartz and 
feldspar grains. Sam ple - LH 825; Princeton Tunnel in the M oodies Hills; ppl.
The orig inal source of the carbonate is unknown. All carbonate-rich 
sam ples studied lacked any prim ary carbonate textures o r o ther indications o f 
the presence o f  early , depositional carbonate. The areal association o f
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carbonate bodies w ith ep igenetic  m ineralization suggests a source external to 
the  g reenstone  belt.
Post-depositional stra in  in the study area has resulted in a prom inent 
flatten ing  o f clasts and pressure solution along grain  contacts w ithin the 
M oodies sandstones and conglom erates (Hose and Low e, 1987; Hose, this 
volum e, chap. 2). A nhaeusser (1976) calculated a 61% thinning o f the M oodies 
Group in  the Eureka Syncline due to this strain. Flattening is m ost severe 
along the northern boundary o f the greenstone be lt and is not apparent in 
the Saddleback Syncline o r to the south (Hose, this volume, chap. 2). Nearly 
all quartz  grains in the M oodies Group exhibit undulatory extinction and some 
grain contacts are sutured in tightly packed sam ples.
GRANITOIDS
Archean granitoids o f the Kaap Vaal craton have been divided into 
three m agm atic cycles based on age and geochem ical com position 
(Anhaeusser and Robb, 1981; M eyer et al., 1986). Only the first cycle, which 
commenced about 3.5 Ga ago, is older than the M oodies Group. These plutons 
are b io tite  trondhjem ite and hornblende tonalite, w ith som e occurrences o f 
com plex gneiss and m igm atite , that contain  quartz and p lag ioclase  (albite- 
oligoclase) in approxim ately equal amounts, 10 to 15% biotite, and m inor
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m icrocline and chlorite, and accessory amounts o f sphene and apatite (Robb 
and Anhaeusser, 1983; M eyer e t al., 1986).
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STRATIGRAPH Y O F TH E M OODIES GROUP
NOMENCLATURE
Anhaeusser (1969; 1976) divided the Moodies Group in the Eureka 
Syncline into three formations. From base to top, these are the Clutha, Joe's 
Luck, and Baviaanskop Form ations. Each form ation w as further divided into 
from two to five informal subdivisions (Fig. 7). This nom enclature has been 
accepted by the South African Code o f Stratigraphic Term inology and 
Nom enclature (SACS, 1980). A nhaeusser (1976) interpreted each form ation as 
a sharp-based , fining upward unit having conform able contacts with 
overlying and underlying M oodies subdivisions. The C lutha Formation in the 
Eureka S yncline consists o f  in terlayered  conglom erate, im pure quartzite, 
calcareous and feldspathic quartzite , and subgrayw acke. It conform ably 
overlies a series o f very coarse-grained sandstone, shale, banded chert, iron 
form ation, and pyroclastic rocks o f  the Schoongezicht Form ation o f the Fig 
Tree Group. The middle sequence, the Joe's Luck Form ation, has a basal 
quartzite and conglom erate covered by an am ygdaloidal basalt and jasperoid  
layer and topped by shale. The base o f  the Baviaanskop is described as a basal 
quartzite and conglom erate overlain by shale. In the core o f the Eureka 
Syncline, a thin layer of conglom erate and coarse sandstone, the Bickenhall 
M ember, overlies the upperm ost Baviaanskop shale w ith a sharp contact.
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Anhaeusser in terp reted  this unit as the rem nant o f  a fourth fining upward 
c y c le .
Eriksson (1977; 1978) divided the Moodies Group in the Eureka,
Stolzburg, and Saddleback Synclines into five inform al units, MD1 through 
MDS, d istingu ished  by sedim entological evidence o f  changing depositional 
environm ents (Fig. 7). MD1 correlates with the base o f  the Clutha Formation 
and is a fin ing upward sequence o f  conglom erate, im pure sandstone, and 
siltstone. Up to five fining upward cycles o f quartzose sandstone (90 to 95% 
quartz), siltstone, shale and jasper com pose MD2, which is absent in the 
Saddleback Syncline. MD3 com prises shale, siltstone, and sandstone capped by 
a layer o f o rthoquartzitic  (>95%  quartz) sandstone. An am ygdaloidal "lava" 
defines the base o f a coarsening upward MD4 sequence o f  shale, iron 
form ation, conglom erate, and im pure sandstone. The im pure sandstone, 
siltstone, and shale o f  MD5 w ere only identified in the Eureka Syncline.
Lamb and Paris (1988) divided the post-O nverw acht portion o f the 
Swaziland Supergroup in the southern part o f the greenstone belt into two 
informal units, the D iepgezet and M alolotsha Groups. The low er part o f the 
Diepgezet G roup is composed o f iron-rich chert, shale, siltstone, and tuff 
conform ably overly ing  the O nverw acht Group. The upper s tra ta  are arenites 
and conglom erates that are characterized  by predom inance o f  sand-sized 
chert over m onocrystalline quartz. T he D iepgezet Group appears
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approxim ately equivalent to the Fig Tree Group (Lamb and Paris, 1988; Lowe 
and B yerly, in review). The M alolotsha Group com prises quartz-rich 
conglom erate, sandstone, siltstone, and shale and appears to resem ble the 
Clutha Form ation, particularly south o f  the Inyoka Fault. Lamb and Paris 
(1988) describe the contact betw een the upper conglom erate o f the D iepgezet 
and low er conglom erate o f the M alolotsha as varying from transitional and 
apparently  conform able to an crosional surface w ith an angular discordance 
of up to 90°.
This study uses the nom enclature o f A nhaeusser (1976) for the 
form ation-level subdivisions o f  the M oodies Group. System atic lithologic 
d ifferences in  the  low er and upper C lutha Form ation are recognized and 
inform ally designated the A and B divisions, respectively. The amygdaloidal 
basalt that was previously included in the Joe's Luck Form ation (V isscr et al., 
1956; A nhaeusser, 1976) is show n to transgress lithostratig raph ic  boundaries 
and is w ithin the C lutha Form ation south o f  the Inyoka Fault, establishing the 
tim e transgressive character o f the C lutha-Joe’s Luck boundary. D eposition of 
the C lutha Form ation continued later in the south.
The contact betw een the underlying Schoongezicht Form ation and the 
C lutha Form ation appears transitional and conform able on the south side of 
the Saddleback Syncline. In the Pow erline Road Syncline, Schoongezicht 
strata have a slight angular truncation at the contact w ith the M oodies and it
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is unclear w hether the discordance is dcpositional or the result o f  shearing 
sub-parallel to bedding. The base o f the M oodies Group has been reported 
elsew here to unconform ably overlie Fig T ree sedim entary and O nverw acht 
volcanic rocks (Visser e t al., 1956; Eriksson, 1979). The top o f  the Baviaanskop 
is reported to be a sheared contact o r an erosional surface everyw here.
AGE CONSTRAINTS
Felsic crystalline clasts from the basal conglom erate o f the M oodies 
Group yielded crystallization ages between 3.47 Ga and 3.3 Ga using U-Pb 
zircon system atics (Tegtm eyer and Kroner, 1986). The Salisbury Kop pluton 
in  the northern part o f  the belt reportedly in trudes the M oodies G roup and 
has been dated by U-Pb and Pb-Pb m ethods using zircon and apatite 
(Oosthuyzen and Burger, 1973). Cahen et al. (1984) noted the considerable 
scatter o f  the Salisbury Kop data about the chord  (m ean square o f  weighted 
deviates - MSWD=5.7) and adopted the least discordant 2 07 P b :206Pb apatite age 
o f 3.195+0.30 Ga as the best minimum age o f  the Moodies Group.
High precision Pb-Pb zircon dates from  the Schoongezicht Form ation 
were recently reported to m ainly fall between 3.225 and 3.259 Ga (K roner et 
al, 1989). These data indicate that the overlying M oodies Group is younger 
than 3.225 Ga consistent w ith the inferred age o f the intrusive Salisbury Kop 
P lu to n .
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REGIONAL FACIES
The Inyoka Fault strikes roughly east-w est across the study area and 
has been proposed as a boundary between m arkedly different facies in the Fig 
Tree (H einrich and Reim er, 1977) and Onverw acht (Lowe and Byerly, in 
review) Groups. The southern facies of the Onverwacht Group is a sequence 
o f kom atiite, basalt, and dacite  containing lesser quantities o f largely
silicified  sedim entary layers. The northern Onverw acht rocks are composed 
o f  a ltered  peridotite  and basaltic kom atiite, layered ultram afic in trusions, and
thin chert. The two facies o f the Fig Tree Group are compositionally sim ilar
but the southern strata  were deposited in predom inantly shallow, proxim al to 
locally  d istal environm ents (Lowe and N ocita, in review) while the northern
rocks are deep-w ater facies (Lowe and Byerly, in review).
The Inyoka Fault also appears to separate contrasting facies in the 
M oodies Groups. Eriksson (1978), Lamb (1984), and Lamb and Paris (1988) 
have previously reported that strata in the m iddle and southern parts o f  the 
greenstone belt, probably correlative with M oodies rocks in the north, were
deposited  in  alluvial to possib ly  m arginal m arine settings, environm ents
sim ilar to the Clutha Formation. The results o f  the present study also indicate 
that the M oodies strata  south o f the fault are m uch coarser grained, richer in 
chert clasts, and more depleted in feldspar than the northern facies. In 
northern  sections, M oodies rocks include th ick  m arginal m arine and shelf
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facies (Eriksson, 1978; 1979). Granitoid clasts are com m on constituents o f
northern facies conglom erates but are rare and d istinctive ly  different in the
s o u th .
SVENGALI SECTION - A SUPPLEMENTAL TYPE SECTION FOR THE CLUTHA AND 
JOE'S LUCK FORMATIONS
The type area for the M oodies Group is located in a heavily mineralized 
and deform ed part o f  the Eureka Syncline. A stratigraphic section measured 
through the w est end of the Saddleback Syncline near the Skokhohlwa 
trigonom etrical beacon (Plate I) is less affected by a lteration , particularly 
carbonation, and appears to contain the entire Clutha and Joe's Luck 
Formations without repetition or loss o f  strata (Appendix lb ). It is proposed as 
a supplem entary type section, the Svengali Section, fo r the Clutha and Joe’s
Luck Form ations (Fig. 8 ). The name is taken from an Anglo-American
Prospecting Service m ining prospect in the C lutha Form ation approxim ately 
one k ilom eter w est-southw est o f the Skokhohlwa trigonom etrical beacon.
GENERAL LITHOLOGY 
Clutha Formation
The C lutha Form ation is divided into two lithostratigraphic divisions, A 
(lower) and B (upper). The A division is a sequence o f pebble and cobble
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M O O D IE S  GROUP
Figure 8 . Proposed supplem entary type section for the Clutha and Joe's Luck 
Form ations from the Saddleback Syncline. Location o f the section shown on 
Plate I.
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conglom erate  and lith ic- and quartz-rich  sandstone that marks a transition 
betw een the volcanic and volcaniclastic  Schoongezicht Form ation and the 
rew orked, quartz- and chert-rich clastic rocks that form most o f  the M oodies 
Group. The B division is composed m ainly o f  arkosic arenite and subarkose 
w ith ja sp e r  bands in the northernm ost blocks (M oodies Hills and Eureka 
Syncline). It is poorly cem ented, resulting in rapid erosion and developm ent 
o f strike valleys. Overall, the Clutha fines upward in the Eureka Syncline 
(V isser e t al., 1956; Anhaeusser, 1976), M oodies H ills, and Saddleback Syncline.
In the Svengali Section, the Clutha A consists o f 1138 m o f  creamy 
w hite to medium  gray, lam inated fine- to coarse-grained sandstone, trough 
and  p lanar cross-bedded sandstone, m assive bedded sandstone, and open- and 
closed-m atrix  pebble and cobble conglom erate (Fig. 8 ). The unit fines to the 
north . Conglom erate s tra ta  are m ost abundant in the Pow erline Road 
Syncline. T he low er beds o f the Clutha A are medium- to coarse-grained lithic 
arenite and conglom erate. They are com posed o f up to 95% fine-grained, 
hom ogeneous chert-seric ite  m osaics that are the products o f  a ltered  dacitic, 
vo lcaniclastic  sedim ents. Because o f the transitional nature o f  the contact 
betw een the Schoongezicht and C lutha Form ations, the contact has been 
arb itrarily  placed at the bottom  o f the low est chert-clast conglom erate.
Pebbles and cobbles are w ell-rounded, predom inantly black chert and black 
and white banded chert derived from the Onverwacht Group. The basal
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conglom erate contains up to 50% felsic volcanic o r volcaniclastic clasts 
derived from  the underlying Schoongezicht Form ation. In addition, C lutha A 
conglom erates contain clasts o f chrom e-m ica-rich  green chert derived from 
the O nverw acht Group and ferruginous bedded chert and jasper from the 
lower Fig Tree Group. In the M oodies Hills, the low est beds of the A division 
are m issing and the contact betw een the A and B divisions has been 
ob lite ra ted  by post-depositional a lte ra tion , p rim arily  carbonation.
The C lutha A is rich in preserved prim ary depositional structures. In 
the Pow erline Road Syncline and Saddleback Syncline, planar and trough 
cross-beds, som e over a m eter high, are abundant. Mud cracks in both o f 
these b locks represent interm ittent subaerial exposure  o f  the sedim ents (Fig. 
5). Fluid escape structures in several beds in the upper half o f the Saddleback 
Syncline that are not accom panied by any convoluted beds suggest rapid 
deposition on a shallow  slope. A nhaeusser (1976) identified the entire 
Moodies Group as a fluvio-dcltaic deposit. In a m ore detailed study o f the 
M oodies Group, Eriksson (1978) concluded that deposition o f this lowest part 
was dom inated by braided fluvial processes in a basin deepening towards the 
northern blocks. The A division o f  the Clutha Form ation is generally 
resistant to erosion and w ell-exposed in prom inent ridges (Plate I).
The B division o f the Clutha Formation in the Saddleback Syncline is a 
790 m thick  sequence o f yellowish white to pale gray, m edium- to very coarse­
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grained arkosic arenite and subarkose. The low er h a lf o f the unit contains 
m inor amounts o f  th in  bedded, chert pebble conglom erate (Fig. 8 ). M inor 
quantities o f  chert pebbles occur in the sandstone throughout the C lutha B. 
M ost ou tcrops d isp lay  trough and planar cross-beds representing 
predom inantly  eastw ard  flow  although some exposures contain bimodal cross­
beds. Inspection o f a tunnel traversing the upper 500 m o f  the Clutha B in the 
Lom ati R iver Valley, about five kilom eters northeast o f  the Shokhohlwa 
trigonom etrical beacon, revealed that the rocks, although friable and 
essen tia lly  uncem ented, consist entirely  o f m edium - to coarse-grained 
subarkose and sub litharen ite  (A ppendix le ) .
In the M oodies H ills, the arkosic arenite and subarkose o f the Clutha B 
consists o f  fine-grained  sandstone and siltstone w ith m inor, shale partings. 
The unit is approxim ately 1200 m thick and locally carbonate-rich (>50%). 
Cross-beds are sparse in this block where lam inated beds separated by jasper 
beds o r less than two centim eter thick shale partings are common. Eriksson 
(1978) described this part o f the Moodies Group as the product o f a braided 
alluvial environm ent in the Saddleback Syncline and as tidal-flat, back 
barrier and deltaic sites in blocks to the north.
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Joe 's Luck Form ation
The Joe’s Luck Form ation is com posed o f very fine- to  very coarse­
grained quartz aren ite , sublitharenite , and subarkose, siltstone, pebble and 
cobble conglom erate, and jasper beds. The sequence is 725 m thick in the 
Saddleback Syncline and 517 to 575 m in the Moodies Hills. The boundary 
between the Clutha and Joe's Luck Formations is placed at the base o f a 
resistant quartz arenite that overlies the easily erodible arkosic arenite and 
subarkose sequence at the top o f the Clutha B. Although Anhaeusser (1976) 
describes the Joe's Luck as a  fining upward sequence, the Svengali Section 
clearly  shows a coarsening upward trend w ith pebbles m ore abundant
towards the top o f  the unit (Fig. 8 and Appendix B). In the M oodies Hills, the 
Joe's Luck appears to coarsen upward but the grain sizes are consistently 
finer than in Saddleback Syncline. A prom inent conglom erate composed of
well-rounded pebbles and cobbles of black and white chert was taken as the
base o f  the overly ing Baviaanskop Form ation by A nhaeusser (1976). 
However, the conglom erate is here interpreted as capping a coarsening
upward trend within the Joe's Luck Form ation. The upper boundary to the 
Joe’s Luck is placed at the abrupt change from conglom erate to  fine-grained 
sandstone, siltstone, and shale o f  the overlying Baviaanskop Form ation (Fig. 
8).
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Beds in the Joe's Luck Form ation are predom inantly planar with some 
planar and trough cross-beds in the low er part o f the unit. Channel 
structures form ed in the upper, coarser layers in the Saddleback Syncline. 
Eriksson (1979) describes the depositional environm ent as a she lf consisting 
o f a b a rrie r  beach (Saddleback Syncline) and an estuary-delta  (northern 
b lo c k s ) .
A quartz -ch lo rite -seric ite -bearing  greenstone w ith  dom ains o f quartz  
that are <1 cm in diameter, identified as an am ygdaloidal basalt, overlies the 
basal quartz arenite o f the Joe's Luck Formation (Fig. 8 and Appendix B). Some 
samples display a trachytic texture in thin sections. Two separate but 
sequential basalt flows are d istinguishable by variations in vesicu lar size and 
abundance in the Saddleback Syncline and the M oodies Hills. These basalts 
are the only isochronous layers and regional m arker beds in the M oodies 
Group. The basalt thins to the north  and the volcanic center was probably to 
the south o r southeast. It is less than 8 m thick to locally m issing in the 
Moodies Hills but at least 22 m thick in the western part o f the Saddleback 
Syncline. Lamb (1984) and Lamb and Paris (1988) described a quartz-chlorite- 
seric ite-p lag ioclase  volcanic layer w ith possib le silicified  o r carbonated 
vesicles overly ing  quartz arenite in the southern part o f the greenstone belt. 
The layer is up to 100 m thick. S im ilar amygdaloidal volcanic rocks are also 
interbedded w ith coarse-grained sandstone and conglom erate o f  the M oodies
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G roup in a structurally isolated block between M aid o f the M ist M ountain and 
Saddleback Synclines (Plate II), where several m eters o f chert cobble 
conglom erate appear to separate two basalt flows, and on the Farm 
B aviaanskloof approxim ately 11 kilom eters south o f the study area (Lowe and 
B yerly, in review ).
W hole rock chem ical com positions o f  the am ygdaloidal greenstones 
within the M oodies Group com pare favorably and probably represent a 
single, short-lived volcanic episode (Table 1). Bulk com positions suggest that
these rocks w ere tholeiitic basalts. Com pared w ith Phanerozoic volcanic
rocks, zirconium  is m oderate, niobium  is low, and titanium  is interm ediate, 
which are typical signatures o f tholeiitic basalts. L ike most Archean volcanic 
rocks, chrom ium  and nickel contents are high, particu larly  in the Sw aziland 
rocks. S ilica, m agnesium , iron, and alum inum  percentages are consistent 
with tho le iitic  basalts. Calcium , sodium , and potassium  contents vary greatly, 
rep resen ting  sign ifican t d ifferences from  typical tho leiites. M obilization 
during d iagenesis, how ever, has resu lted  in localized  enrichm ent and
depletion o f  calcium , sodium , and potassium  throughout the greenstone belt.
T he basalt flows appear to have been restricted to the basin and were 
not present in the orogenic belt. No increase in lithic m aterial or fine­
grained seric ite  and chlorite m atrix is displayed in the overlying clastic beds.
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C H E M IC A L  ANALYSES OF M OODIES AM Y GD ALO ID AL GREENSTONES, 
BARBERTON GREEN STO N E BELT, SO U TH  AFRICA
L H 8 2 8 L H 6 8 6 2 7 0 M DL 1 M DL 2
%Si0 2 4 6 .5 7 54.28 46.47 5 3 .8 6 55.43
AI2O 3 16 .02 11.82 13.29 17 .14 17.05
Fe2C>3 10.67 9.89 15.96 1.66 1.11
FeO N.A. N.A. N.A. 10.18 10.80
MgO 5.79 5.40 4.37 3.53 3.69
CaO 0.53 4.47 5.21 0.85 0.96
Na2 0 4.18 2.22 4.17 5.15 4.33
K2O 4.91 2.59 0.26 1.18 1.09
Ti02 1.26 0.93 1.34 1.49 1.36
P2 O 5 0.25 0.09 0.14 0.18 0.21
MnO 0.11 0.29 0.21 0.06 0.06
S 0.02 0.06 <0.01 N.A. N.A.
h2o - N.A. N.A. N.A. 0.19 0.03
h2o + N.A. N.A. N.A. 3.23 2.43
0 0 2 N.A. N.A. N.A. 0.38 0.43
PPM Ba 526 109 167 N.A. N.A.
Cr 64 65 251 N.A. N.A.
Zr 160 120 140 N.A. N.A.
Sr 81 160 92 N.A. N.A.
Rb 116 70 4 N.A. N.A.
Y 37 28 20 N.A. N.A.
Nb 8 6 12 N.A. N.A.
Zn 35 31 202 N.A. N.A.
Ni 58 17 197 N.A. N.A.
V 2 4 3 185 202 N.A. N.A.
Ga N.A. N.A. 70 N.A. N.A.
Cu N.A. N.A. 197 N.A. N.A.
Pb N.A. N.A. 7 N.A. N.A.
Th N.A. N.A. 6 N.A. N.A.
TOTAL 90 .487 92.158 99 .98 9 9 .0 8 98.98
LOI 1 1 .62 8.72 8.56 N.A. N.A.
LH828 - Collected in the Princeton Tunnel. Joe’s Luck Formation, Moodies Hills.
LH686 • Collected on the surface southeast o f the Ben Lomond Tunnel entrance in the Joe's Luck 
Formation, Moodies Hills. Analyses of LH828 and LH686 by R. Hartree, Department of Geology, 
University o f  Ottawa.
270 - From Lamb (1984a). Collected in the southern part of the greenstone belt in Swaziland.
MDL 1 & MDL 2 - From Anhaeusser (1974). Collected in the Rose Reef Gold Mine, Joe's Luck 
Formation, Sheba Hills.
Table 1. Chem ical analyses o f  am ygdaloidal quartz-ch lo rite-seric ite-bearing  
greenstones based on XRF data from Anhaeusser (1974), Lam b (1984a), and 
this study.
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This observation is com patible with a tholeiitic basalt erupted in a backarc 
that is being filled by a prograding deposit.
B aviaanskop  F orm ation
The Baviaanskop Form ation in the study area is composed 
predom inantly  o f thin to  medium  bedded, very fine-grained sublitharenite, 
siltstone, and m inor shale. A nhaeusser (1974) reported abundant shale in the 
Eureka Syncline. The Baviaanskop is a heavily weathered, uniform, red, 
lam inated siltstone in the Saddleback Syncline. Rocks in the M oodies Hills 
vary from shale to coarse-grained sandstone and include one thin jasper bed. 
They are thin-bedded to lam inated with trough cross-beds in a few layers.
The contact between the conglom erate o f the Joe's Luck Form ation and finer 
grained clastic rocks o f  the Baviaanskop Form ation in both blocks is sharp 
but conformable. The top o f the unit is marked by a fault contact in the 
M oodies Hills and the Saddleback Syncline, w here the m easured thicknesses of 
the Baviaanskop are 561 m  and 135 m respectively.
Eriksson (1979) concluded that the Baviaanskop Form ation was a deltaic 
deposit. A nhaeusser (1974) defined this sequence (along with the underlying 
conglom erate) as fining-upw ard. Jackson et al. (1987) described it as 
coarsening upward. A c lea r fining- o r coarsening-upw ard trend was not 
recognized by this study.
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SANDSTONE PETR O G R A PH Y  
The modal com position o f terrigenous Phanerozoic sandstones has 
been shown to be a useful tool for inferring the tectonic setting o f 
depositional basins and provenances (D ickinson, 1970; D ickinson and Suczek, 
1979; Dickson et al., *1983). The approach has been extended to Proterozoic and 
Archean m etasedim entary sequences (Condie and M artell, 1983; Jackson ct al., 
1987; DiMarco and Lowe, 1989).
PROCEDURES
D etailed stratigraphic sections w ere m easured and sandstone sam ples 
were collected on the south side o f the Powerline Road Syncline, in the 
western portion o f  the Saddleback Syncline, and along the D evil's Staircase 
and in the Princeton M ine in the M oodies H ills (Plate I). Sandstone samples 
were also collected at approximately 100 m intervals in the Lom ati Tunnel, 
which is 5 k ilom eters northeast o f the Shokhohlwa Trigonom etrical Beacon in 
the Saddleback Syncline, and in the 22nd Level Adit, a tunnel that crosses 
strike approxim ately midway between the Princeton Tunnel and the Devil's 
Staircase (Moodies Hills) (Plate I). One sample from the M aid o f  the Mist 
M ountain Syncline and three from the surface southw est o f the  Princeton 
Tunnel (Moodies Hills) were also collected. A total o f 126 thin sections were 
exam ined from this collection (Appendix 2).
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Eighty-tw o samples o f  M oodies sandstone were point counted using the 
procedures outlined by D ickinson (1970) and D ickinson and Suczek (1979). 
Thirty-three samples were from the Clutha A, 17 from the Clutha B, 22 from 
the Joe's Luck, and 10 from the Baviaanskop Form ations. Most were medium- 
grained sandstone, but the m ean grain size o f individual sam ples ranged from 
0.18-0.78 mm. Three hundred fram ew ork grains were counted in each sample. 
A com plete tabulation o f the  results and site locations are given in Appendix 
2. The rem aining 44 sam ples were deemed inappropriate fo r this technique 
because either mean grain size was less than 0.18 mm or diagenetic alteration 
obscured the orig inal com position. Secondary carbonate was the prim ary
culprit rep lacing  original grains. Only samples w ith  less than 9% carbonate 
by volum e were counted.
The basic categories o f  fram ework grains were those defined by 
D ickinson and Suczek (1979) (Appendix 3). M onocrystalline grains, coarse 
po lycrysta lline  grains, and coarser identifiab le g rains w ith in  aphanitic rock 
fragm ents were counted as single grains according to the com position of the 
grain u n d er the cross-hair. C hert and fine-grained po lycrysta lline  quartz 
grains were included with the category o f polycrystalline quartz (Qp), a 
com ponent o f quartz (Q) and o f  total lithic contents (Lt). Counts were 
tabulated on a grid o f 34 different grain types vs. a single grain column plus 
nine rock types. Points o f  cem ent, m atrix, secondary carbonate, and holes
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
140
were tabulated  separately from fram ew ork grains. The sandstone 
classification  system  and nom enclature o f  Dott (1964) are used throughout 
this study.
Special attention was given to any potential feldspar grain. The 
calcium - and potassium -specific stains used on som e thin sections in this 
study w ere not absorbed by som e o f the sodium -rich plagioclase, which were 
d istinguished  by albite tw inning. In addition, som e stained feldspars 
displayed no twinning. These findings necessitated careful exam ination o f all 
po ten tia l feldspar grains, even in stained thin sections, for tw inning, relief 
g rea te r than  quartz , c leavage, undulatory  ex tinc tion , in terference figures, 
and  a lte ra tio n .
A phanitic lithic grains were common in m ost o f the sandstones. Many 
sam ples included a com plete spectrum  of grain types from pure chert 
th rough fine-gra ined  m ica and chert aggregates to  fine-grained m ica 
aggregates. Grains with >90% GMC (chert) were counted as Qp; grains with 
<90%  GM C were included in L. Fine-grained mica and chert aggregates (10 to 
90% GM C) to fine-grained m ica aggregates (>90% m ica) are the predom inant 
com ponent o f  the upper Schoongezicht and lower C lutha Form ations in the 
Pow erline Road Syncline and Saddleback Syncline. Em bayed and euhedral 
b ipy ram idal quartz  m icrophenocrysts, rem nant m icro litic  tex tu res, and ghost 
outlines o f  glass shards in some aggregates in both the M oodies and the upper
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S choongezich t/low er C lutha A sandstones suggests derivation from 
S choongez ich t v o lcan ic la s tic  rocks.
The petrography o f the chert (>90% GM C) clasts consistently match 
know n black, w hite, carbonaceous, and chrom e-m ica cherts from  the 
O nverw acht Group and bedded ferruginous cherts and jasper from  the Fig 
Tree Group. Some of these cherts are probably silicified tuff and other 
volcanic rocks (Duchac and Hanor, 1987; Lowe, in review) and therefore are 
properly counted as lithic volcanic grains. O ther greenstone belts cherts, 
however, are o f  a sedim entary origin (F isher and Lowe, 1985; W alsh, 1989; 
Lowe, in  review ) and properly counted as lith ic  sedim entary grains. 
D istinction o f  these different types o f chert is generally im possible in the 
M oodies sandstones.
E leven sam ples from  the upper Schoongezicht Form ation (10 from 
Pow erline Road Syncline and one from Saddleback Syncline) and 13 m atrix- 
rich basal Clutha A sam ples (nine from Pow erline Road Syncline and four 
from Saddleback Syncline) were also exam ined. Identifiable fram ew ork 
grains constitute less than 38% of all sam ples and were lim ited to quartz, 
chert, and m inor am ount o f plagioclase in the Schoongezicht sandstones. 
L ath-shaped  seric ite  aggregates, som e w ith  rem nant alb ite tw inning , were 
interpreted as altered feldspars. The bulk o f  the rocks consist o f  a fine, 
hom ogeneous quartz -seric ite  m osaic rep resen ting  altered  vitric  debris and
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lithic grains (Fig. 9). Only 300 points were counted in these samples to 
determ ine m onocrysta lline  quartz abundances. Tabulations from  these counts 
are also included in Appendix 2.
0  0.5  mm
Figure 9. Clasts in the Schoonegezicht and M oodies sandstones include a 
variety o f  fine-grained chert (>90% GM C), chert-sericite (10 to 90%  GM C), and 
sericite aggregates (>90%  sericite). The clast in the upper left com er is 
nearly pure chert. The clast in the low er right com er is nearly pure sericite. 
T he clasts in the upper right com er and the matrix is composed o f  both chert 
and sericite. Sam ple - LH  531; South side o f  the Powerline Road Syncline; 
c ro s s -n ic o ls .
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Counts and size measurements o f 296 identifiable pebbles in the
conglom erate capping the Joe's Luck Form ation in the western part o f the
Saddleback Syncline and 81 pebbles in the Clutha A basal conglomerate in the 
south-central part o f  the M oodies Hills were made and the findings have been 
com bined with previous reports on the conglom erates by Daneel (1986), 
Reimer et al. (1985), and Gay (1969).
GRAIN COMPOSITION AND MODAL RESULTS 
Clutha Formation - A  division
The A division o f  the Clutha Formation is predom inantly sublitharcnitc 
w ith lesser am ounts o f  lith ic  arenite, quartz arenite, and subarkose. Quartz
(Q)
com prises 27 to 95% , averaging 72%, o f the framework grains (Fig. 10a).
M onocrystalline quartz  content (Qm), which averages 55% , increases
upsection from 3 to 89% (Fig. 11). M onocrystalline quartz occurs as individual 
grains and w ithin lith ic  fragm ents, including granophyre clasts (Fig. 12) and 
clear aggregates o f quartz and feldspar. The clear aggregates are composed of 
fine to coarse grains o f predom inantly quartz with lesser am ounts o f 
potassium feldspar and plagioclase (Fig. 13). Many o f the c lear aggregates are 
exclusively  coarse-grained  quartz and m ost are predom inantly  quartz, 
suggesting a h igh-grade, m etasedim entary parentage. H ow ever, no
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CLUTHA A CLUTHA Ba .
2 2  S a m p l e s  
M H - 1 7  
S S - 5
10 S a m p l e s  
MH-5 
S S - 5
JOE'S  LUCK BA VIAAN SK OP
N O R T H E R N  F A C IE S S O U T H E R N  F A C IE SEXPLANA TIO N
M O O D I E S  o S A D D L E B A C K  
HILLS
* MAID O F  THE + P O W E R L I N E  
MIST M O U N T A I N  
S Y N C L I N E
R O A D
S Y N C L I N E
S Y N C L I N E
Figure 10. Quartz (Q )-Feldspar (F)-L ithic (L) ternary plot o f  detrital framework 
grains and petrographic classification according to D ott (1964). a. A division
of the Clutha Formation, b. B division o f the Clutha Form ation, c. Joe’s Luck 
Formation. d. Baviaanskop Form ation.
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F ig u re  11. The plot shows the volum e percentage o f m onocrystalline quartz in 
the to tal sam ple versus distance from the Schoongezicht and Clutha 
Form ations contact. (Data from the Powerline Road and Saddleback 
S y n c l in e s .)
d istinctive  h igh-grade  m etam orphic m ineralogy was noted and, therefore, 
the clasts m ay have been derived from  a quartz-bearing plutonic terrane 
from w hich quartz-rich  derivatives were selectively preserved. Nearly all 
quartz g rains in  the sandstones d isp lay  evidence o f  stra in  including 
pervasive undulatory  extinction and, less abundant, su tu red  contacts betw een




0.5  mm 
I
Figure 12. Granophyre clast in a Clutha A conglomerate. Sample - LH 814; 
Princeton Tunnel in the M oodies Hills; cross-nicols.
0 .5  mm
Figure 13. C last in a Clutha A conglomerate with quartz (left) and plagioclase 
(right). Carbonate has replaced part o f both grains. Sam ple - LH 817; 
Princeton Tunnel in the M oodies Hills; cross-nicols.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 4 7
dom ains and deform ation lam ellae. P re-depositional and post-depositional 
quartz overgrow ths are com m on. Em baym cnts and distinctive bcta-quartz 
shapes arealso preserved. Polycrystalline quartz , including GM C with a 
variety  o f domain sizes, chert displaying spinifex texture (Fig. 14), iron-rich 
chert, carbonaceous ch e rt (Fig. 15), stre tched  chert, and recrystallized  chert 
is ubiquitous in the C lutha A in all three blocks.
0 1 .Omm
Figure 14. Chert clast displaying spinifex texture. Sample - LH 725; Powerline 
Road Syncline; ppl.
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Feldspar (F) constitutes 1 to 35% , averaging 13%, o f samples in the 
Saddleback Syncline and the M oodies H ills, but is always less than 2% in the 
Pow erline Road Syncline. Plagioclase grains are not preserved in the lower 
750 m of the Powerline Road Syncline or in the Clutha A division o f  the 
Saddleback Syncline bu t may be represented by heavily seric itized  grains 
that constitute up to four percent o f  the framework grains in these blocks. 
P lagioclase makes up to four percent o f  the Clutha A sandstones in the 
M oodies Hills. Preserved plagioclase throughout the M oodies Group of the 
study area is unzoned.
0 1 .Omm
Figure 15. Carbonaceous chert clast in a Clutha A conglom erate. Note the 
m olding o f  the clast to surrounding grains. Sample - LH 814; Princeton 
Tunnel in the M oodies Hills; ppl.
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Figure 16. Unaltered microcline feldspar in a Clutha A sandstone. Sample 
LH 817; Princeton Tunnel in the M oodies H ills; cross-nicols.
Figure 17. Unaltered, untwinned feldspar in a Clutha A sandstone. Sample 
LH 736; Saddleback Syncline; cross-nicols.
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Potassium  feldspar is m issing in the Pow erline Road Syncline but
tartan tw inned (Fig. 16), untw inned (Fig. 17), and perth itic  feldspars arc
common in the Saddleback Syncline and M oodies H ills. M icrocline grains are
generally  w ell-preserved  but the perth itic  grains have been extensively
replaced by fine-grained sericite o r display corrosion holes. Staining
revealed untw inned potassium  feldspars. These grains were distinguished in
unstained sections from quartz by their cleavage and by differences in relief
and alteration. M ost o f  the untwinned feldspars appeared cloudy due to
alteration to seric ite  or had corrosion holes within them (Fig. 18). Distinct 
differences in the severity o f alteration and types o f  tw inning, often in the
0  0 .5  mm
Figure 18. Feldspar crystal that has been severely corroded is in the lower 
left com er. Dark areas within the grain are holes. The black clast in the 
upper right c o m e r  is a carbonaceous chert. The m atrix is fine-grained 
chert-sericite m osaic. Sample - LH 736; Saddleback Syncline; cross-nicols.
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same thin section, suggest that the potassium  feldspars were derived from at 
least two d ifferen t sources.
Like m ost Archean sandstones (Taylor and M cLennan, 1985), 
p lagioclase-to-total feldspar (P/F) ratios in the Clutha Form ation, and all of 
the M oodies Group, are very low. A partial explanation o f the low ratio despite 
the surrounding N a-rich  tonalite  and trondhjem ite ba tho lith s, the 
underlying, p lag ioclase-rich  Schoongezicht strata, and, possib ly , the Na-rich 
AGC may be that potassium -bearing m inerals alter m uch m ore slowly than 
plagioclase in plant-free environm ents (Basu, 1981; M aynard et al., 1982). The
three highest P/F ratios o f the 33 Clutha A samples point counted were 0.22 to
0.50. The others clustered below 0.19 (Appendix 2).
The M oodies Group has a poor diversity o f m ineral com ponents. In
addition to quartz and feldspar, trace amounts of m uscovite, biotite, epidotc, 
zircon, apatite, ru tile , tourm aline, hem atite, pyrite, and o th er opaques were 
the only individual detrita l m ineral grains observed.
Lithic content (L), excluding polycrystalline quartz, is 0 to 72%, 
averaging 18%. Total lith ic  grains (Lt) com position, including  chert and 
fine-grained polycrystalline quartz (Qp + L), averages 32% but com poses up to 
85% o f the fram ew ork grains in the Powerline Road Syncline, 64%  in the 
Saddleback Syncline, and 20% in the M oodies Hills.
with permission of the copyright owner. Further reproduction prohibited without permission.
1 5 2
Fine-grained sericite and quartz mosaic clasts and m atrices com pose up 
to 97% of samples from the lower part o f the Clutha A. The clasts range from 
nearly pure, chert w ith m inor sericite to pure fine-grained seric ite  
aggregates (Fig. 9). Many o f  the aggregates are iron-rich. They resemble the 
im m ediately  underlying Schoongezicht dacitic  volcanic and volcaniclastic  
ro c k s .
L ithic clasts o f feldspar intergrow ths, chlorite  aggregates (Fig. 19), 
m icrolites (Fig. 20), and other mafic and ultram afic rock fragm ents probably 
represen t volcanic or vo lcaniclastic  rocks derived from the underly ing 
greenstone sequence. Clasts o f  mafic and ultram afic volcanic rocks, common 
near the base o f the Clutha A in the Saddleback Syncline and M oodies Hills, 
are absent in the lowest 300 m o f  the Powerline Road Syncline. Granophyre 
clasts (Fig. 12) and a rare, possibly phonolite clast that was only observed in 
one sam ple do not resem ble any known rocks from the greenstone belt or 
Ancient Gneiss Complex. Clasts o f siltstone, sandstone, and shale, interpreted 
as derivatives o f underlying greenstone strata, are a m inor but w idely 
d istributed component throughout the M oodies Group (Fig. 21).
M atrix in the C lutha A is composed predom inantly o f fine-grained 
sericite and sericite and chert mosaic. The rocks have been subjected to 
deform ation o f  sericite and chert aggregates, sericite  aggregates, and detrital 
m uscovite grains. D istinguishing lithic grains from matrix is d ifficu lt as the
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Figure 19. Photomicrograph of a Clutha A sandstone. Note the tight packing 
o f  quartz grains and the dark, central clast composed o f  an aggregate o f fine­
grained chlorite. Sam ple - LH 720; Pow erline Road Syncline; ppl.
0 0 .5  mm
 1________________________ I
Figure 20. M icrolite clast in a Clutha A conglom erate. Sample - LH 836; 
M oodies H ills; cross-nicols.
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m atrix appears to have been formed by these crushed rock fragm ents. 
Hem atite and chlorite cements fill pore spaces within the Clutha A in the 
Pow erline R oad Syncline and Saddleback Syncline.
0.5  mm
Figure 21. Photomicrograph o f a Clutha A conglom erate. Most o f the 
photograph is a single clast o f quartz and chert-sericite-bearing sandstone. A 
grain o f chert-sericite aggregate is in the low er left corner. A m icrolite 
grain is in the upper right. Sample - LH 742; Saddleback Syncline; cross- 
n ic o ls .
Clutha Formation - B division
The B division o f the Clutha Formation is predom inantly arkosic arenite 
and subarkose (Fig. 10b). Quartz (Q) ranges from 51 to 81%, averaging 64%. 
M onocrystalline quartz (Qm ) content averages 55% , fluctuating betw een 38% 
and 68%, and does not vary systematically w ith stratigraphic position. As in
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the A division o f the Clutha, m onocrystalline quartz occurs in the B division 
as individual grains and in fine- to coarse-grained aggregates with lesser 
amounts o f  potassium  feldspar and m inor biotite, in m yrm ekite grains, and in 
granophyre c lasts. Quartz g rains show pervasive undulatory extinction. 
Quartz overgrow ths, em baym ents, and d istinctive beta-quartz  shapes are 
common. Polycrystalline quartz includes a variety GM C, chert displaying 
spinifex tex ture, jasper, carbonaceous chert, stretched chert, and 
recrystallized  chert. The fine-grained  chert has been preferen tially  replaced 
by carbonate in som e samples.
The C lutha B is distinguished from the A division by an increase in 
feldspar content. Samples contain 11 to 42%, averaging 24% . Feldspars are 
p redom inan tly  tartan -tw in n ed  m ic rocline , p e rth ite , and untw inned 
potassium  feldspar. The perthitic and untw inned grains have typically been 
severely altered to sericite or corroded. Some o f the potassium  feldspar grains 
have overgrowths. Samples from the Moodies Hills contain up to 5% 
plagioclase. Pow erline Road Syncline and Saddleback Syncline samples have 
less than 1% plagioclase. The highest P/F in the Clutha B was 0.38. All other 
samples were less than 0.19. The less abundant plagioclase grains are 
re la tiv e ly  u n a lte re d .
The variety o f  m ineral com ponents in the Clutha B sandstones is 
virtually identical to the A division. In addition to quartz and feldspar,
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fram ew ork m ineral grains include trace quantities o f  m uscovite, bio tite , 
epidote, ankcrite , hem atite, pyrite , and o ther opaques. Carbonate replacem ent 
o f  a varie ty  o f  grains including fine-grained chert, quartz, potassium  
feldspar, and plagioclase, is particularly  evident in th is unit.
L ithic (L) composition averages 12% and ranges from 3 to 21%. Total 
lithic (Lt) com position ranges from 12 to 26% and averages 21%. Sericite, 
sericite and chert, and chert aggregates, sim ilar to clasts in the Clutha A, are 
the m ost abundant lithic fragm ents. O ther lithic fragm ents in the B division 
include g ranophyre, m icro litic  vo lcan ic  rock fragm ents, ch lo rite  aggregates, 
fine- to coarse-grained aggregates o f  quartz and lesser amounts o f potassium  
feldspar, aggregates o f in tergrow n quartz and feldspar, hem atite aggregates, 
iron-rich  se ric ite  and chert aggregates, iron-rich  siltstone  and sandstone, 
and m yrm ek ite .
As in the A division, the m atrix of the Clutha B is predom inantly fine­
grained seric ite  and chert w ith lesser am ounts o f  chlorite  probably derived 
from  the underly ing  dacitic  volcanic and vo lcaniclastic  Schoongezicht 
Form ation. H em atite cem ent fills corrosion holes and other pore spaces.
Joe's Luck Form ation
The Joe’s Luck Form ation is m ostly quartz arenite with lesser amounts 
o f sublitharenite in the Saddleback Syncline, and subarkose in the M oodies
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Hills (Fig. 10c). This unit, the most quartz-rich division o f the Moodies Group, 
has a quartz content o f  69 to 99% , averaging 90% , and a m onocrystalline 
quartz (Qm) com position o f 24 to 90% , averaging 73%. The greater abundance 
o f quartz in the Joe's Luck Form ation has concentrated greater strain in these 
grains resu lting  in increased undulation , sutured con tac ts  between dom ains, 
and recrystallization o f some quartz. Many of the quartz grains also display 
overgrow ths (F ig. 22).
F igure 22. Photom icrograph show ing tigh tly  packed quartz grains in a cross­
bedded Joe's Luck sandstone. Some carbonate cem ent and replacem ent is 
displayed by the high relief patches. Sam ple - LH 798; Saddleback Syncline; 
c ro s s -n ic o ls .
0 0 .5  mm
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Quartz grains in the B division o f the Clutha Formation include 
m onocrystalline  grains, quartz  with em baym ents contained within a sericitc 
and chert m atrix , and grains contained in clasts o f  vein quartz, granophyrcs 
and o th er granitoids, and fine- to coarse-grained aggregates o f quartz with 
lesser am ounts o f  potassium  feldspar and plagioclase. M onocrystalline grains 
include tourm aline, rutile, apatite, and zircon. The polycrystalline quartz 
grains include pure chert w ith a variety o f size dom ains, carbonaceous chert, 
and rec ry s ta llized  chert.
Fram ew ork m ineral com position in the Joe 's Luck Formation is sim ilar 
to the underly ing Clutha Form ation but is distinguished by a scarcity of 
feldspars. Feldspars comprise 0 to 24% of the Joe's Luck sandstones, averaging 
5%, and include fresh-looking m icrocline and p lag ioclase grains and heavily 
seriticized untw inned potassium  feldspar, perth ite, and plagioclase. The 
average P /F  is less than 0.1. O ther framework grains include trace quantities 
of m uscovite , b io tite , hem atite, pyrite, and other opaques.
L ithic clasts (L) content ranges from 1 to 69%, averages 6%, and 
includes a variety  o f  fine-grained, chert and seric ite  aggregates, feldspar and 
quartz  in te rg ro w th s, fe ld sp ar in tergrow ths, m ic ro lite s , g ranophyres, chlorite 
aggregates, and iron-rich siltstone (Fig. 23). The total lithic (Lt) content is 5 
to 69%, averaging 23%.
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The most abundant matrix is composed o f sericite and/or chert with 
some fine grains o f  hem atite and chlorite. It appears to represent crushed 




Figure 23. Clasts in a Joe's Luck sandstone. M ottled grain in the upper, 
central part o f the photo is composed o f intergrow ths o f feldspar. Grain in 
the low er left is an aggregate o f sericite and chert. Fine-grained, pure chert 
composes the grain in the lower, central area. M ost of the rem aining grains 
are quartz. Sample - LH 825; Princeton Tunnel in the M oodies Hills; cross- 
n ic o ls .
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B aviaanskop  F orm ation
The Baviaanskop Form ation is a sublitharenite w ith higher lithic and 
low er m onocrystalline quartz conten ts than the Joe's Luck Form ation (Fig. 
lOd). Samples contain 68 to 89% quartz, averaging 81%. M onocrystalline 
quartz (Qm) com position, which averages 57%, ranges from 31 to 67%. Quartz 
includes ind iv idual grains, dom ains w ith in  granitoids, granophyres, and 
fine- to coarse-grained aggregates o f quartz  and potassium  feldspar, and 
em bayed grains w ith in  fine-grained , pure  chert. P o lycrystalline  quartz 
includes GMC in a variety o f size dom ains, jasper, carbonaceous chert, 
recrysta llized  chert, and stre tched  chert.
Feldspar content in the Baviaanskop ranges from 0 to 19%, averaging 
8%, and includes heavily seriticized  perth ite  and untw inned potassium  
feldspar, le sse r am ounts o f fresh -appearing  tartan-tw inned  m icrocline, and 
plagioclase. Potassium  feldspars in the Saddleback Syncline display corrosion 
holes sim ilar to those described in the Clutha B. The maximum P/F is 0.26 with 
m ost sam ples having much lower ratios.
Fram ew ork m inerals in the B aviaanskop Form ation are less varied than 
in the underlying C lutha and Joe's Luck Form ations. Quartz, feldspar, and 
trace amounts o f  m uscovite, pyrite, and chlorite were the only framework 
m inerals noted in the 10 samples that were point counted.
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The Baviaanskop sandstones contained 6 to 17% lithic (L) grains, 
averaging 11%, and 25 to 59% total lithic clasts (Lt), averaging 35%. Lithic 
c lasts included fine-grained sericite and /or GM C aggregates, iron-rich 
seric ite  and chert aggregates, seriticized  feldspar and quartz in tergrow ths, 
p lag ioc lase  in terg row ths, m icrolites, and carbonaceous chert w ith silicificd , 
euhedral crystals that were probably prim ary evaporites (Fig. 24).
0 1,0mm
 1__________________ 1
Figure 24. Carbonaceous chert clast d isp lay ing  silicified, euhedral crystals 
that resem ble possible carbonate or evaporite crystals. Sample - LH 822; 
Princeton Tunnel in the M oodies Hills; ppl.
The m atrix o f the Baviaanskop sandstone is predom inantly  sericite with 
GMC. Hem atite, silica, and carbonate cem ents fill pore spaces.
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HEAVY MINERALS
H eavy m inerals typically m ade up less than one percent o f the points 
counted. Opaques, predom inantly hem atite and pyrite, m ade up to three 
percent in tw o sam ples. Zircon, tourm aline, and rutile  grains were always 
less than 0.5%  o f any sample examined in this sections but were widely 
present. T race am ounts o f detrital epidote in the C lutha Formation and apatite 
in the C lutha and Joe's Luck Form ations were the only other heavy m inerals 
observed. U ndoubtably, a larger variety and a h igher percentage o f heavy 
m inerals in the  source areas was rem oved by the extensive weathering 
during tran sp o rt through eo lian , a lluv ial, and beach environm ents.
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PEBBLE AND CO BBLE CO M PO SITIO N S
A frequency count o f 81 identifiable pebbles and cobbles from the 
Clutha Formation in the M oodies H ills southwest o f the W oodbine Shaft 
included 68% black or white chert, 11% interm ediate volcanic rocks, 7% red 
and white banded chert, jasper, and banded iron form ation, 7% vein quartz or 
quartzite, and 6% clastic sedimentary rocks. Daneel (1986) counted a total of 
460 pebbles in the Clutha A from three locations in the M oodies Hills and 
reported 60% chert, 6% ultram afic rocks, 12% jasper and banded iron 
form ation, 9% quartzite , 9% clastic sedim entary rocks, and 2% granitoid clasts.
At Ezzy's Pass on the north limb o f  the Eureka Syncline, Reimer et al. 
(1985) reported 85% chert, 8% sandstone and volcanic rocks, 5% granite, and 
2% vein quartz in the basal conglomerate. Most Clutha A lithic clast 
com position in the Saddleback Syncline is consistent w ith m aterial available 
from the underlying Sw aziland Supergroup and consist o f green, black, 
white, gray, and banded chert, felsic volcanic and volcaniclastic , m afic and 
ultram afic volcanic, banded iron form ation, and m inor siltstone and shale 
clasts. G ranophyre and granitoid rock fragm ents are present in trace 
q u a n t i t i e s .
The abundance o f  lithic fragm ents o f  granitic, g ranophyric, and 
coarse-grained aggregates o f  quartz w ith lesser am ounts o f  potassium  
feldspar in the Clutha A  division is locally and regionally variable. Reimer et
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al. (1985) report a 5%  abundance o f granitoids and clasts they interpreted as 
m etam orphites at Ezzy's Pass but Reimer (1967) found only 0.5% in the pcbblc- 
bearing sandstone of the low er part o f the M oodies Group in the Stolzburg 
Syncline. In the M oodies Hills, these clasts constitute from 1 to 7% o f  the 
conglom eratic portions o f  the Clutha A (Fig. 25). In the Svengali Section
(Saddleback Syncline) to the south, how ever, felsic crystalline clasts are less 
than 1% of the volume. Bell (1967) reported 2%  granite pebbles on the south 
lim b o f  the Saddleback Syncline east o f this study area.
Figure 25. Photograph o f Clutha A slab from the Moodies Hills. "A ” marks 
granophyre clasts. "B" identifies felsic volcanic clasts. "C" m arks chert 
c la s ts .
At Ezzy's Pass, K rupicka (1975) found granitic pebbles in the basal 
conglom erate o f  the C lutha Form ation to be granodiorite and granite. In the
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same area, R eim er et al. (1985) reported clasts o f  quartz-rich granitoid, alkali- 
feldspar gran ite , and normal granite com positions. T he ir investigation o f  the 
geochemistry o f these granitic clasts found high K^O, Sr, K 2 0 /N a 2 0 , and K/Rb
compared to m ost granites o f sim ilar modal com position. They reported a 
small ligh t rare earth  elem ent enrichm ent, large negative Eu-anom alies, and 
a slight depletion and fractionation o f  heavy rare earth elements. They 
concluded that the clasts were not derived from presently  exposed rocks and 
suggested that the source plutons orig inated  through partial m elting o f the 
AGC or cooling o f a plagioclase-depleted magma at a depth o f <7 km in a thick 
sialic crust. Pebbles from the sam e location and study with micaceous 
(sericite) and quartzofeldspathic bands that resem ble som e volcanic rocks 
within the Onverwacht Group were identified by Reim er e t al. (1985, Fig. 4c) 
as metamorphites. They had higher Fe2 0 3 , TiC>2 , and Cr and a  greater LREE
enrichm ent than the granitic clasts. They also had large negative Eu- 
anom alies. T heir precursors were described as felsic volcanic rocks.
No granito id  pebbles or clasts were observed south o f the Inyoka Fault 
during th is study. In the southern portion o f the belt, Lamb (1984a), V isser 
(1956), and Gay (1969) reported m inor quantities o f granito id  and granophyre 
clasts but Paris (1984) found none. W hole rock XRF analysis o f two granitoid 
clasts from the Swaziland side o f  the greenstone belt (Lam b, 1984) provide a 
distinctly d ifferen t composition from  sim ilar analysis provided by R eim er et
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al. (1985) for granitoid pebbles in the Eureka Syncline on the north side of 
the greenstone belt. In addition to  differences in proportions and quantities
of sodium, potassium , and calcium (Fig. 26), Lam b’s sam ples were higher than 
any o f Reim er’s in iron, magnesium, and cobalt, and m uch lower in barium.
A frequency count of 296 pebbles and cobbles was made at four sites at
the top o f the Joe 's Luck Formation near the Svengali Section in the 
Saddleback Syncline. The conglom erate has 82% black and/or white chert, 
5% ferruginous bedded chert, 1% jasper, 7% quartz-rich lithic clasts that 
appear to be quartzite, 3% vein quartz, and only one granitic clast. No 
volcanic fragm ents were noted but trace amounts o f  chrom e-m ica-bearing
green chert from the Onverwacht Group are present low er in the Joe's Luck 
F o rm a tio n .




•  B I M O D A L  G N E I S S  S U I T E  
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Figure 26. Na20 - K 2O -C a0 ternary plot o f  granitoid and "m etam orphite" pebbles 
in the Moodies Groups and its equivalents and o f components o f the Ancient 
Gneiss Complex.
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SHALE G EO CH EM ISTRY
Geochemical investigations by M cLennan et al. (1983) o f five shales 
from the M oodies Hills conclude that the Moodies was derived from a mix of 
m afic volcanic, tonalite-trondhjem ite, and felsic volcanic sources. They
found very high chrom e and nickel and high iron and m agnesium  contents,
although the M oodies was lower in nickel, iron, and m agnesium  than older 
Fig Tree shales. They argued that the high nickel and chrom e contents are 
evidence against an island arc origin and probably were derived from the
ultram afic and mafic m aterial o f the o lder Onverwacht Group and enriched by 
secondary processes. K 2 0 /N a 2 0  in the Moodies shales is approximately 2-3,
light rare earth elem ents were enriched in all samples, and there is an 
apparent slight negative Eu anomaly that probably resulted from a granitic
provenance. La/Th is high and thorium  and uranium  contents and Th/U are 
low .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-4
1 6 9
D IS C U S S IO N
PROVENANCE
M oodies sandstones and conglom erates throughout the study area 
display c lea r evidence o f  substantial derivation from the older greenstone 
strata, the Fig Tree and Onverwacht Groups to the south. Mafic and ultram afic 
vo lcan ic  fragm en ts, chrom e-m ica-bearing  chert, and b lack and w hite chert 
clasts derived from the Onverwacht and lowest Fig Tree Groups are 
throughout all sections. F ine-grained sedim ents and chert, commonly 
ferruginous, are consisten t with detritus available from the Fig Tree Group.
A second source terrane provided  fine- to coarse-grained crysta lline  
rock fragm ents tha t are quartz-rich w ith lesser amounts o f m icrocline and 
p lag ioclase , granophyre, granitoid, and rare phonolite clasts to the northern  
blocks. Q uartz-rich , coarsely crystalline rock fragm ents in the M oodies G roup 
have been in terpreted  by previous w orkers as derivatives o f a high-grade, 
m etam orphic quartzite (Anhaeusser, 1976; Reim er et al., 1985). This study, 
how ever, did no t observe any clear m etam orphites. A lthough the source 
c lea rly  included  quartz-rich  rocks and  m icrocline-bearing  plutonic units, 
there  is no defin ite  evidence that h igh-grade m etam orphic rocks were 
present. It is also uncertain w hether the parent crystalline rocks were 
associated  w ith the A ncient Gneiss Com plex, the plutons surrounding the
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greenstone belt, or plutons associated with the o lder, felsic igneous rocks 
w ithin the g reenstone  belt.
V olcanic and felsic crystalline fragm ents, lith ic  clasts of fine-grained 
chert-m ica aggregates, banded iron form ation, feldspar, and fine-grained 
lithic m aterial are all less abundant upsection in the Saddleback Syncline and 
Moodies H ills. The cleaner, quartzose Joe's Luck and Baviaanskop Formations 
were probably derived by cannabalizing older M oodies s tra ta  to the south and 
enriched in quartz  by high-energy alluvial and m arginal m arine conditions.
Southern a n d  northern  facies
The fram ew ork  components o f the M oodies sandstones are rem arkably 
consistent although relative abundances vary (Fig. 27a, b, c). Systematic 
changes in grain  com position are m ore evident laterally  betw een blocks than 
stratigraphically  w ith in  blocks. D istinct facies changes across the Inyoka 
Fault have been previously documented in the Onverw acht (Lowe and Byerly, 
in review) and F ig  Tree Groups (Heinrich and Reimer, 1977; Lowe and Byerly, 
in review). The M oodies has more subtle changes. From north to south, fine- 
to coarse-g ra ined  quartz  and quartz -fe ld sp ar aggregates, m onocrystalline 
quartz, total quartz , alkali feldspar, and identifiable felsic  and interm ediate 
plutonic clasts decrease but mafic volcanic and fine-grained  chert-m ica and 
chert aggregates, in terp reted  as rem nants o f the underly ing  greenstone belt,






8 0 0 -
7 0 0 -
6 0 0 -
5 0 0 -
aarasHS
rnaBaaamm*
4 0 0 -
3 0 0 -
2 0 0 -
1 0 0 *
■SSBmyWiT
m z z s z m
%Qm
BmigggiMl 
C l u t h a  A
OX
Copyright, 1990, L  0. Hose
Mean gr a i n  
s i z e  of 
s a mp l e
o E <9
i a  W  -j- a 3o
i f  1 - 12 2  oo
2 £ i °C l <8 > __
* 2  o  o  o
* 20  °  -  .~  © w-£ © «
1 (0 c© C  o





-3 © ®It** w,S£«o to
E q j —
3 s © ,0 
a  *-a© ®a»
1 0 0 % 0 % 10% 0 0 . 5  1.0
mm
FRAMEWORK GRAIN 
OCC UR RE NCE S
Figure 27a. Generalized stratigraphic columns showing %Qm, %F, mean grain 
size o f samples point counted, and occurrence of key minerals and rock types 
in Moodies sandstones. South side of the Powerline Syncline.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
172
S ADDL EBACK SYNCLI NE
3 00  0-1
2 7 0 0 -
2 4 0 0 -
2 1 0 0 -
1 8 0 0 -
1 5 0 0 -
1 2 0 0 -
9 0 0 - 1
6 0 0 - 1
3 0 0 -
B a v l a a n s -  
k o p  Fm.
W im m
J o e ’3 L u c k
RSS3
IcTutha B
C l u t h a  A
%Qm %F
Moa n  g r a i n  
s i z e  of 
s a m p l e s
PTTn  r
0 % 1 0 0 % ox
Copyright 1990, L 0. Hose














■o s  — OO X















*• © « 
©
o
■2 J 2  2
S c  S  <9 a  <a e e®77 — e  w , o 0
a s ® o
s s s s l «.w to <0 ca —
-  O  0 .
F RAMEWORK GRAIN 
O C C U R R E N C E S
Figure 27b. Generalized stratigraphic columns showing %Qm, %F, mean grain 
size o f samples point counted, and occurrence of key minerals and rock types 
in Moodies sandstones. Saddleback Syncline.




©Me a n  g r a i n  
s i z e  of 
s a m p l e s 5 m co <C(0
U . - 5  O ’
%F%Qm
2 7 0 0
iusgrgsrui^ij^Ki;:ttB jrS3H TtJr5iaiIii«8nwHBfl«a!gSiunsarrnriHfisnahgsa»ta'iTu<p
2 4 0 0 B a v i a a n s  
i k o p F m .
2 1 0 0
s h u t
J o e ' s  Lu c k
jffiH Fm.
ttn u iu iiiu S tjm lT il 
H H iirH K H  IT T S fH tf l
'.isamiUHUHislfl
i p i H p l
1 6 0 0




3 0 0 IjjClu t h a  A
FiaEiFSfflSsa
FRAMEWORK GRAIN 
O C C U R R E N C E S1 0 0 % 0 %0 %Copyright, 1900. L 0. Hose mm
Figure 27c. Generalized stratigraphic columns showing %Qm, %F, mean grain 
size of samples point counted, and occurrence of key minerals and rock types 
in Moodies sandstones. Moodies Hills.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission
1 7 4
i n c r e a s e .
South o f the Inyoka Fault, granitoid clasts are rare and those described 
in Sw aziland are apparently  chem ically d istinguishable  (Fig. 26).
G ranophyre clasts, common in the northern blocks o f M oodies, have not been 
observed in  the south. No granitoid, granophyre, o r potassium feldspar clasts 
were observed in the Pow erline Road Syncline. The abundance o f total lithic 
fragm ents is h igher and grain sizes are coarser than in equivalent units to 
the north. S trata  presently south o f the Inyoka Fault received m ost o r all of 
their detritus from  the greenstone belt to the south  o r southeast.
N orth o f  the fault, in the Saddleback Syncline, m icrocline, perthite,
and trace  am ounts o f  graphic and granitic c lasts reflect a com bined
provenance o f  the greenstone belt and a relatively  distal felsic crystalline 
area. In the M oodies H ills, despite sedim entological evidence that rocks are of 
a more d istal facies than to the south (Eriksson, 1978; 1979), the graphic, 
granitic , and coarse-grained felsic crystalline c lasts are larger and more
abundant than in the Saddleback Syncline. The M oodies Hills was more 
proxim al to a  p lu ton ic/fe ls ic  crystalline source.
The M oodies was probably deposited in a single basin. Types of 
constituents in the sandstones o f all three blocks are nearly  identical both 
vertically  and laterally , w ith  the exception o f  the  m issing  felsic crystalline 
com ponents in the Pow erline Road Syncline. The amygdaloidal basalt unit in
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the M oodies G roup progressively thins to the north and is interpreted as the 
product o f a short-lived volcanic event during the tim e o f late Clutha 
deposition south o f the fault and early Joe's Luck deposition north o f the fault. 
The thinning basalt flow s covered all but localized areas in the northern part 
o f  the greenstone belt.
The northern  blocks were m ore d ista l from  the southern  provenance 
and sedim ents were deposited in deeper water than the southern facies. But, 
the northern blocks were also west of their present location relative to the 
Pow erline Road Syncline. Several workers have docum ented east-w est to 
northeast-sou thw est trend ing , post-M oodies dextral shears in the northern 
part o f the greenstone belt (Boardman, 1950; Visser, 1956; Roering, 1965; 
Anhaeusser, 1965; Hose and Lowe, 1987; Hose, this volume, chap. 2). Therefore, 
the m ore abundant felsic  crystalline clasts in the  northern b locks may have 
been been derived from the southwest. Portions o f a crystalline terrane may 
have been exposed earlie r and more extensively to the south o f the basin. 
A lternatively , the felsic  crystalline com ponent may have been derived from 
the northeast o r northw est, but this concept is hard to defend in light of 
p resen tly  know n sed im ento log ica l data.
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C om parison w ith  Phanerozoic sandstones
Ternary plots that p lace chert and fine-grained po lycrystalline  quartz 
grains (Qp) as part o f the lithic components (Lt) and lim it quartz to 
m onocrystalline crystals (Qm ) are m ore appropriate than standard Q-F-L 
diagram s fo r com paring the M oodies w ith Phanerozoic provenance data. 
D istinction between altered  sedim entary and volcanic lithic grains in the 
M oodies was commonly impossible. Com parisons o f  Qm-F-Lt plots eliminate 
errors introduced by m isiden tified  sedim entary  chert fragm ents and silicificd  
volcanic lith ic  clasts.
Follow ing the param eters defined by D ickinson and Suczek (1979) and 
refined by Dickinson et al. (1983) (Fig. 28), m ost samples in this study 
resem ble Phanerozoic sandstones derived from recycled orogens and, to a 
lesser extent, dissected arcs (Fig. 29). Recycled orogens are sites where 
stratified rocks are deform ed, uplifted, and eroded including subduction zones, 
suture belts, and foreland fold and thrust belts (Dickinson and Suczek, 1979). 
The po ten tia l provenance settings provide oceanic and continental m aterial 
to the adjacent basins that reflect ultim ate derivation from cratonic, arkosic, 
and volcaniclastic  sources (D ickinson, 1985).
Phanerozioc foreland fold and thrust belts are typified by sedim entary 
and m etasedim entary strata that are continental derivatives deposited on a 
shelf. A lthough volcaniclastic detritus is not abundant in m ost foreland
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Figure 28. M onocrystalline quartz (Qm ), feldspar (F), and total lithic grains 
(L t) ternary  p lo t fo r Phanerozoic sandstone plate tectonic provenances (after 
D ickinson et al., 1983).
basins, arc-derived  m aterial has been recognized as an im portant component 
in the evolu tion  o f some Phanerozoic backarc foreland deposits where the 
basin was close to the arc and it received drainage from the eruptive center 
(McBride e t al., 1975; Misko and Hendry, 1979).
Clutha Form ation  - A division
The tran sition  from Schoongezicht volcaniclastic sandstone and 
conglom erate to Clutha A lithic aren ite , sublitharenite, and subarkose m arked 
the end o f  widespread volcanism and deep-sea conditions in the region. The
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o f Lt. d. Joe's Luck Formation, e. Baviaanskop Formations.
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w ith m inor com ponents o f green, red, black, and white chert derived from 
older Fig Tree and Onverwacht rocks. The Onverwacht Group is 
unconform ably overlain  by M oodies strata in parts o f the southern 
greenstone belt and apparently provided a source o f detritus during
deposition o f the low er beds o f the Clutha Formation.
The lith ic-rich  com positions o f  the Clutha A division, particularly in 
the Pow erline Road Syncline, are sim ilar to Phanerozoic sedim entary rocks 
derived from recycled orogens o f lithic and quartzose com position (Fig. 29a). 
Recycled orogens are described by Dickinson et al. (1983) as terranes with 
sedim entary strata  and subordinate amounts o f volcanic rocks, partially 
m etam orphosed, and raised by orogenic uplift o f fold belts and thrust sheets.
Although the low est strata o f the Clutha A are almost completely 
derived from the arc-re lated , volcanic and volcaniclastic  Schoongezicht 
Form ation, they plot along the Qm-Lt legs o f  the triangular diagram  and not 
w ithin the arc-derived fields (Fig. 29a). These rocks were probably deposited 
in a basin close to the arc. Breakdown o f the Schoongezicht-derived material 
resulted in the abundant chert-sericite  m atrix , fram ew ork grains o f 
plagioclase, and m inor quartz. The plagioclase grains have alm ost entirely
changed to  sericite m atrix with m inor discrete sericite aggregates. If the
plagioclase phenocrysts had survived as discrete feldspar grains, the Clutha A
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sandstones probably  would have plotted  within the undissected  and
transitional arc  fields.
The p rogressive  increase in m onocrystalline quartz  throughout the 
upper Schoongezicht and the Clutha A sandstones (Fig. 11) may reflect four 
causes. First, erosion o f the Schoongezicht strata exposed turbiditic quartz- 
bearing sandstones and conglom erates in the M apepe and Sheba Form ations 
causing a rew orking o f  the sedim ents and enrichment o f quartz. Some 
quartz-bearing , im m ature sandstone c lasts  that resem ble m ateria l from the 
upper M apepe Form ation occurred in the basal conglom erate in the M oodies
H ills (Fig. 21). Rem nants o f syntaxial quartz overgrowths also demonstrate 
that the provenance included at least som e lithified, clastic rocks.
A second cause o f  the increase in m onocrystalline quartz may have 
been uplift in the south causing earlier deposited M oodies strata  to be 
cannibalized, rew orked, and enriched in quartz. Lamb (1984b) has
docum ented syndepositional folding and fau lting  in units equ ivalen t to the
upper Fig Tree and lower Moodies Groups in the southern part o f the belt and 
attributes this deform ation to a period  when thrust sheets w ere transported 
fo r a t least 10 km  towards the northwest. Thus, uplift and deform ation o f the 
greenstone belt was occurring in the south  or southeast during  deposition of 
the M oodies Group.
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The potential third source o f the increasing proportion o f 
m onocrystallinc  quartz  may have been  a quartz -rich  c rysta lline  terrane 
exposed by uplift and erosion. Jackson (1984) reported that the AGC to the 
south  o f  the greenstone belt experienced  progressive northw est-verg ing  
uplift, fo lding, and shearing beginning around 3.4 Ga old, proceeding 
deposition o f the M oodies Group. This complex may have provided some of the 
detritus, although distinctive components o f the AGC, such as diopside- 
bearing gneiss, am phibolite, anorthosite , and garnet grains, w ere not 
preserved in the M oodies sandstones and conglom erates in this study. 
A lternatively, fe ls ic  plutons related to the greenstone belt may have provided 
some of the detritus. Erosion of the Schoongezicht volcanic rocks may have 
also exposed associated, deeper seated felsic plutons that had fed the earlier 
Schoongezich t lava flows.
The change from a fluvio-deltaic and deep-w ater environm ent during 
F ig Tree tim e to a braided alluvial environm ent during deposition o f  the 
C lutha Form ation (Eriksson, 1980) may bave been a fourth factor contributing 
to enrichm ent o f  quartz. Studies o f  m odern sands derived directly  from 
igneous o r m etam orphic provenances have shown that prolonged exposure to 
intense chem ical w eathering while stored on alluvial p lains and gentle, 
subaerial slopes in  trop ical environm ents can  enrich  quartz  con ten t from 
~30% in the source area to greater than 95% at the depositional basin (Suttner
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et al., 1981; Basu, 1985; Johnsson ct al., 1988). Although plants were not 
available to assist chem ical w eathering in the A rchean, alteration and 
corrosion o f  m inerals by the A rchean atm osphere and hydrosphere during 
extended residence on alluvial plains prior to lith ification  may have greatly 
enriched the quartz content o f the M oodies sandstones.
P lagioclase grains are not preserved in the lower 800 m o f  the
Powerline Road Syncline or in the lower Clutha Form ation o f the Saddleback
Syncline but rela tively  fresh-appearing plagioclase is a ubiquitous m inor 
component throughout the M oodies H ills and in the upper Clutha, Joe's Luck, 
and Baviaanskop Form ations o f  the Saddleback Syncline. Heavily seriticized 
plagioclase g rains are m ore abundant to  the south although they often occur
in the same th in  section with unaltered plagioclase. The distinct difference 
in severity o f  alteration suggests that the two types o f  feldspars were derived 
from differen t sources. The seriticized grains probably came from the older 
greenstone strata . The close correlation in abundance and occurrence o f 
fresh appearing plagioclase with coarse crystalline clasts, some also 
contain ing  fresh -appearing  plagioclase (F ig. 13), p robably  represents a 
com m on h igh -g rade  m etam orphic o r plu tonic source terrane.
M afic and  u ltram afic  volcanic  fragm ents, chrom e-m ica-bearing  chert, 
black and w hite  pure chert, carbonaceous chert, and recrysta llized  cherts 
clasts in the A division o f the Clutha Formation were derived from the
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Onverw acht. F ine-grained  lithic m ateria l, ferruginous chert, banded iron 
form ation fragm ents, fine-grained chert-m ica m osaics, and some 
m onocrystalline quartz , pure chert, and seritic ized  p lag ioclase  were probably 
derived from the F ig  Tree Group.
The fine- to coarse-grained, quartz-rich  c rysta lline  rock fragm ents, 
m icrocline, perth ite , m yrm ekite, stre tched  quartz, b io tite , m uscovite , cpidote, 
zircon, apatite, and some of the m onocrystalline quartz, volcanic, and 
plagioclase grains in the Clutha A strata o f the Saddleback Syncline and 
M oodies H ills w ere probably derived from either a m oderately deep-seated 
plutons associated w ith the greenstone belt or the AGC. H ornblende, 
polycrystalline lith ic  fragm ents, and accessory m inerals com m on in the AGC 
may have been selectively removed by eolian processes, which intensely 
affected pre-Silurian sands because o f the* lack o f land plants (Sloss, 1988), 
during long residence tim e in alluvial environm ents and by high energy 
alluvial and m arginal m arine settings (Eriksson, 1978). T hese  environm ental 
conditions w ould have enhanced quartz  and o ther hardy m inerals while 
decom posing the m ore unstable grains, m edium - and coarse-gra ined  
polycrystalline lithic fragm ents, and o ther less resistant clasts. Lack o f early 
cementation in the alluvial deposits o f  the M oodies may have also allowed 
extensive diagenetic  alteration o f unstable grains. G raphic tex tu re  and 
coarse-grained g ran itic  c lasts, whose occurrences closely co rresponded  with
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the presence o f  o ther, quartz-rich  crysta lline  m aterial, probably represent 
intrusive bodies that were removed by erosion and are no longer exposed. 
Krupicka (1975) has proposed two sources for these plutons. They may have 
been emplaced due to partial melting o f portions o f the AGC or derived from a 
p lag io c lase -d ep le ted  m agm a.
Clutha Formation  - B division
The B division o f the Clutha Form ation, with greater concentrations of 
alkali feldspar, plots in a variety o f  fields (Fig. 29b). Some samples, mostly in 
the M oodies Hills, m atch sandstones derived from transitional continental, 
quartzose recycled, and m ixed crust where erosion has cut deep (Dickinson ct 
al., 1983). However, matrix contents o f  these rocks range from 16-26% and is 
higher than the other units. It is predom inantly fine-grained sericite and 
chert, a sim ilar composition to many o f the lithic fragments in the Moodies 
Group. Therefore, the m atrix probably resulted from a breakdow n o f  unstable 
lithic grains. A plot o f the Clutha B showing all matrix points tabulated as Lt 
lies prim arily within the m ixed field but there is some overlap into the 
dissected arc and quartzose recycled fields (Fig. 29c).
The increase in feldspar content, prim arily alkali feldspars, in the B 
division o f the Clutha Form ation probably resulted from increased exposure of 
the felsic crystalline terrane. The southern facies, exposed in the Powerline
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Road and Maid o f  the M ist Mountain Synclines, did not receive detritus from 
the crystalline terrane. Thus, deposition o f  the  A division o f the Clutha 
Form ation, derived solely from the underly ing greenstone strata , continued 
in the region now south of the Inyoka Fault while in the northern blocks, 
which received detritus from both the greenstone belt and the felsic 
crystalline terrane, the Clutha B division accumulated.
Joe's Luck Formation
The Joe's Luck sandstones and conglom erates, deposited only in the 
blocks now north o f the Inyoka Fault, are composed o f the same types of 
m inerals and rock fragm ents as the underlying Clutha Formation. Like the 
northern facies o f the Clutha Formation, the clasts represent a mixed 
provenance o f  the older greenstone strata and a crystalline terrane. The Qm- 
F-Lt ratios plot within the quartzose recycled field (Fig. 29d). The increase in 
m onocrystalline quartz  and chert and the decrease in feldspar and other less 
stable grains probably resulted, in part, from the high energy o f  its barrier 
beach and fluvial depositional environm ent (Eriksson, 1979). Abrasion o f the 
sedim ents along the shoreline would enhance the quartz content. The Joe's 
Luck m ay also have cannabalized C lutha sandstone and conglom erates, 
resu ltin g  in quartz-en riched  strata.
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B aviaanskop  F orm ation
The Baviaanskop Form ation plotted in the quartzose and transitional 
recycled fields (Fig. 29e). Like the underlying Joe's Luck, it also represents a 
mixed provenance and was probably derived from  uplifted and predom inantly  
sedim entary rocks, probably older M oodies. F ine-grained sericite and/or GMC 
aggregates, fe ldspar and quartz  in terg row ths, p lag ioc lase  in tergrow ths, 
m icrolites, jasper, carbonaceous chert, recrystallized  chert, and some o f  the 
quartz and plagioclase grains were derived from the o lder greenstone strata. 
Alkali feldspar, stretched quartz, m uscovite, and part o f  the quartz and 
p lag ioclase g rains probably cam e from the cry sta lline  terrane.
TECTONIC SETTING
The tectonic settings classified as recycled orogens by Dickinson et al. 
(1983) include the subduction complexes o f  arcs, uplifted suture belts of 
collision orogens, and thin-skinned foreland fo ld-thrust belts along the 
continental sides o f  arc or collision orogens. Subduction complexes arc 
deposited in  a deep m arine environm ent and exh ib it penecontem poraneous 
deform ation. The M oodies sandstones and conglom erates accum ulated in 
m arginal m arine and alluvial environm ents. The overa ll, fin ing upward 
M oodies Group does not resemble deposits adjacent to an uplifted suture belt.
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Basins adjacent to collision orogens are raised with tim e and their deposits 
typically reflect shallow ing conditions and coarsen upw ard.
The A division o f the Clutha Formation is com posed predominantly of 
detritus that was probably eroded from older strata o f the  greenstone belt 
uplifted by an active thin-skinned foreland fold-thrust belt to the south or 
southeast o f  the study area. Uplift, and the downwarping o f a companion 
basin to the north may have resulted from north-verging thrust faults or 
may have in itially  been the product o f  compressional flexure. The alkali 
feldspar-rich sam ples from the Saddleback Syncline and M oodies Hills (Fig. 
29a) reflect input from a felsic crystalline terrane, m ost likely uplifted by 
thrust faulting southw est o f the study area. The crystalline m aterial may, 
however, represent a  separate, distal orogen along the northw est o r northeast 
side of the study area.
Deposition o f the finer grained, more feldspathic B division o f the 
Clutha Form ation  may have been contem poraneous w ith northw est-verging 
thrusts in the south. Load resulting from thrusting on an elastic lithosphere 
will rapidly deepened a foreland basin and initially cause Finer grain 
sediments to be deposited (Burbank et al., 1988). Imm ediately adjacent to the 
thrust front, however, coarse sedim ents w ill continue to be deposited. Thus, 
the areas presently south o f the Inyoka Fault continued to receive coarse­
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grained sand, pebbles, and cobbles while the deepened north received finer 
g ra ined  sed im ents.
The Joe's Luck Form ation is lensoidal, coarsens upward, and appears to 
have prograded basinw ard (northwestw ard). This is the response predicted 
by Flem ings and Jordan (1987) for a foreland basin when crustal thickening 
(thrusting) stops. Deposition of the Joe's Luck may mark a period when 
thrusting stopped to the southeast. A brief period o f  volcanism produced the 
am ygdaloidal basalt near the base o f the Joe's Luck Formation in the northern 
facies and near the top of the Moodies strata in the southern facies. There is 
no evidence o f erosion prior to the deposition o f  the overlying beds and no 
clasts o f  the basalt are recognized in the overlying strata. The lava flows must 
have been blanketed w ith sedim ents im m ediately after their em placem ent, 
protecting them from erosion, as would be expected in a prograding deposit.
Renew ed foreland (northw estw ard) m igration o f the th rust belt 
ultim ately raised previously deposited M oodies strata, exposing them  to 
erosion and stopping deposition in the southern blocks. These cannibalized 
sed im ents were rew orked by high-energy environm ents o f transporta tion  
and deposition, resulting in the quartzose composition o f the Joe's Luck 
s a n d s to n e s .
Clasts from the crystalline provenance are finer grained and less 
abundant components o f the Joe's Luck strata than in the Clutha Formation.
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At that tim e, the plutonic-high grade terrane was either removed as a source 
area by erosion, the transportation path betw een it and the basin had been 
blocked by intervening uplift, o r its contributions were overwhelm ed by the 
abundance o f greenstone, including older M oodies, detritus.
The dram atic decrease in grain size at the base o f the Baviaanskop 
Form ation suggests a rapidly deepened basin, possibly as an elastic response 
to renew ed thrusting and loading in the south. The quartz-rich sedim ents 
continued to be derived from cannibalized M oodies strata, uplifted Fig Tree 
and O nverw acht Groups, and portions o f the plutonic/m etam orphic terrane.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
190
CONCLUSIONS
The Early A rchean M oodies Group in the north-central part o f the 
Barberton greenstone belt was derived from two provenances. The majority 
o f the sedim ents came from an orogen that lifted up the older greenstone 
strata. The orogen was m ost likely a thin-skinned foreland fold-thrust belt 
south o f  the study area. A granitic/high-grade m etam orphic(?) terrane 
provided sediments to a portion o f the basin. Although some o f the crystalline 
fragm ents resem ble rocks o f  the Ancient Gneiss Complex south o f  the 
greenstone belt, o ther po ten tia l com ponents from  that high-grade terrane 
were m issing in the sandstones and conglom erates investigated in this study. 
No definative m etam orphites were identified. G ranophyre and granitoid clast 
that do not resem ble presently exposed rocks may have been associated with 
the A ncient Gneiss Complex or felsic plutons surrounding or w ithin the 
greenstone belt. The felsic crystalline provenance may have been uplifted
by the same thrust belt to the southwest o f the study area or may have been 
part o f  a separate, distal orogen to the north.
The Clutha Formation in the study area was deposited on the foreland 
side o f  the fold and thrust belt. North o f the Inyoka Fault, the unit is 
composed o f  detritus from both provenances. South o f the fault, sediments 
came from  older greenstone strata, solely. As the thrust belt m igrated towards 
the foreland (northw est), sedim ents from earlie r deposited M oodies strata
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were uplifted, eroded, reworked, and deposited in the younger M oodies 
deposits to the north resulting in the more mature Joe's Luck and Baviaanskop 
Form ations in the northern blocks. The uplift resulted in the discontinuation 
o f deposition in the southern part of the greenstone belt. Thus, the Joe’s 
Luck and Baviaanskop Form ations are absent south o f the present Inyoka 
F au lt.
The Inyoka Fault divides distinctive northern and southern facies o f 
the M oodies Group. North o f  the fault, potassium  feldspar, granophyre, and 
coarse-grained, felsic crystalline rock fragm ents are comm on w ithin the 
Moodies Group, all o f which are absent within the study area south of the 
fault. G ranitic pebbles described by others in the southern part o f the belt 
contain a distinctively different composition. The Baviaanskop, Joe's Luck, 
and upper C lutha Formations are absent south o f the fault.
A m ygdaloidal basalt in the Moodies and equivalent rocks throughout 
the greenstone belt is interpreted as the result o f one volcanic episode and 
may provide a regional isochron within both the southern and northern 
facies o f the M oodies. The basalt layer is w ithin lithic-rich, coarse-grained 
sandstone and conglom erate, sim ilar to the lower C lutha Form ation, in blocks 
south o f  the Inyoka Fault but crops out within the lower part o f the Joe's Luck 
Formation to the north o f  the Inyoka Fault.
-i
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This study has also shown that detrital framework modes can be a 
useful tool for determ ining the provenance o f  sandstones as old as Early 
Archean. Interpretations based on detrital m odes were consistent with other 
stratigraphic data and field observations. Special note should be made, 
however, that debris derived from a felsic volcanic arc and deposited in  the 
foreland basin plotted within the field o f a recycled orogen. W here alteration 
is m inim al, detrital fram ework modes have the potential of resolving many 
questions about the sedim entary  environm ents o f  Precam brian greenstone 
belts throughout the world.
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IN TRO D U CTIO N
The north-central part o f the Early A rchean Barberton greenstone belt 
was adjacent to a convergent boundary following deposition o f  the 
Onverwacht Group. Recent papers have suggested that the low er Fig Tree 
strata were deposited in a foredeep setting bounded by a fold and thrust belt to 
the southeast (Jackson et al., 1987; Nocita, 1989). East-verging thrust faults 
cutting the low er Fig Tree rocks but not the younger Schoongezicht 
Form ation (Dokka and Lowe, 1984; Lowe et al., 1985) suggest that a convergent 
boundary was west o f the study area following deposition o f the lower Fig Tree 
strata. The Schoongezicht Formation at the top o f  the Fig Tree Group and the 
entire overlying M oodies Group provide evidence o f deposition on the upper 
plate of a  convergent boundary (Byerly et al., 1989; Byerly, in review; Hose, 
this volum e, Chap. 3). That boundary appears to have been south or southeast 
o f the study area during M oodies deposition.
Four periods o f  deform ation following deposition o f  the M oodies Group 
clastic rocks have been docum ented in the northern part o f the greenstone 
belt (Anhaeusser, 1976; Hose, this volume, Chap. 2). Preserved structures 
recording each o f these events are compatible with Phanerozoic m odels of a 
terrane on the foreland side o f  an upper p late  along an evolving convergent 
b o u n d a ry .
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The following discussion focusses on the nature o f the evolving 
convergent boundary and its influence on the developm ent o f the north- 
central part o f the Barberton greenstone belt during and follow ing deposition 
o f  the Moodies Group. Except where noted, the model developed depends on 
the data reviewed in the preceding two chapters.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 0 7
PA LEO G EO G RA PH IC M ODEL OF TH E STUDY AREA 
P re -M o o d ie s  (S c h o o n g e z ic h t  F o r m a t io n )  T im e
The Schoongezicht Form ation in the north-central part o f  the 
Barberton greenstone belt is divided into a northern and southern facies. The 
southern facies is composed predom inantly o f  dacite-clast sandstone and 
conglom erate with interbedded dacite. The northern facies is reported to 
include turbiditic sandstone, conglom erate, and shale (Condie, M acke, and 
Reim er, 1970; Lowe and Byerly, in review ), representing a basin deepening to 
the south. Based on the distribution of the extrusive igneous rocks, massive 
volcanic breccias, and epiclastic conglom erates and sandstones, the volcanic 
center appears to have been west or southwest o f the study area. Byerly ct al.
(1989) reports that the geochem ical affin ities o f the volcanic rocks are
suggestive o f  an island arc origin.
T he upper part o f the Schoongezicht Form ation displays an increase in 
m onocrysta lline  and po lycrysta lline  (chert) quartz abundance and is
transitional with the overlying, quartz-rich M oodies Group. The sh ift from 
the volcan iclastic  dom inated basin during Schoongezicht time to the 
accum ulation o f  the predom inantly  o rogenic-derived  M oodies G roup probably
represents the uplift o f the source area to  the south and the discontinuous of 
v o lc a n is m .
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Although there is little  published inform ation about the scdimentology 
of the  Schoongczicht Form ation, including paleocurrcn t d irections, evidence 
o f a basin deepening northw ard or northw estward away from an island arc 
suggests that the region was on the upper plate o f  a convergent boundary 
with a subduction zone to  the south (Fig. 1).
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Figure 1 . Schem atic diagram  showing the study area during the deposition of 
the Schoongezich t Form ation .
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M oodies G ro u p  T im e  T h ro u g h  D 3
Deposition o f the Moodies Group coincided with uplift and erosion of 
the greenstone belt to  the south or southeast and the exposure o f a coarse­
grained, crystalline terrane. The greenstone belt provided detritus to the 
en tire  basin. Only the northern part of the study area, north o f the Inyoka 
Fault, how ever, clearly received m aterial from the crystalline terrane. It is 
also notew orthy that crystalline particles in the Saddleback Synclinc are 
lim ited to sand size grains whereas pebbles and cobbles of granitoid rocks 
occur in the Moodies Hills.
The source o f the crystalline terrane rem ains a mystery. Contrary to 
prev ious in terpretations (Jackson et al., 1987), detailed  petrographic and 
lithologic observations during this study failed to identify any conclusive, 
h igh-grade m etam orphic rock fragm ents or m inerals in the M oodies 
sandstones o r conglom erates. However, g ranitic  rock fragm ents were clearly 
id e n t if ie d .
This study did recognize clasts that w ere previously described as 
m etam orphic m aterial (R eim er et al., 1985). C oarse-grained, crystalline lithic 
clasts m ade up o f predom inantly quartz with lesser feldspar failed to provide 
com pelling  ev idence o f  a h igh-grade m etam orphic parentage, although such 
an orig in  is not precluded. These clasts may instead represent vein deposits 
w ithin the greenstone belt or selectively preserved, quartz-rich  parts o f the
with permission of the copyright owner. Further reproduction prohibited without permission.
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granitic provenance. Fine-grained clasts w ith "m icaceous and 
quartzofeldspathic bands", sim ilar to "m etam orphite" clasts described by 
Reimer et al. (1985, Fig. 4c) are common in the Moodies Group but resemble 
volcanic rocks in the Onverwacht Group and are interpreted as derivatives of
the greenstone belt by this study.
Reimer et al. (1987) found that the REE distribution pattern o f the 
granitic pebbles in the M oodies Group were not com patible with presently
exposed portions o f the Ancient Gneiss Complex. They suggested that the
granite were derived from  plagioclase-depleted , residual m agm as and 
crystallized at depths o f less than seven kilometers, or they resulted from a
partial melt of a part o f  the Ancient Gneiss Complex.
Any model o f  the tectonic setting o f the basin during deposition of the
M oodies Group m ust account for the follow ing observations:
1. The basin deepened and the M oodies generally fines to the north.
2. W ithin the study area, granitoid rock clasts occur in the Moodies Hills 
and Saddleback Syncline but not in Moodies outcrops south of the 
Inyoka Fault.
3. Crystalline m aterial is more abundant and coarser in the Moodies 
Hills than in the Saddleback Syncline.
Three models are proposed that m eet these lim itations. The first model 
places the crystalline terrane to the southw est of the present study area and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
relys on large-scale, post-depositional, dextral shearing to jux tapose the rocks 
north and south of the Inyoka Fault. The second model places the crystalline 
terrane to the north o f  most o f the study area. The third model positions the 
crystalline rocks to the south o f the study area but requires that m ost o f the 
M oodies rocks within the study area and south o f the Inyoka Fault are 
younger than the base o f  the Moodies Group north o f  the fault.
M o d el 1
T he transition from the Shoongezicht Form ation to the C lutha 
Form ation marked a change from island arc volcanism  to a fold and thrust
belt in  the southern part o f the greenstone, belt. The underlying Fig Tree and
O nverw acht Groups were uplifted, eroded, and their detritus were carried in 
the foreland basin to the north (Fig. 2a). A granitic pluton and associated 
rocks were lifted up and exposed to the southeast o f the basin. The northern 
facies o f  the Moodies Group was deposited to the north of the crystalline
terrane, in the northwest part o f the basin. The southern facies was deposited
in the southeastern part o f the basin and did not receive crystalline detritus.
The sedim ents were deposited in braided fluvial environm ents 
(Erikkson, 1979). The larger size and som ewhat greater abundance o f the 
crystalline clasts in M oodies Hills compared to the Saddleback Syncline was 
probably the result of lateral facies changes. Although the entire M oodies
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2 . Schematic diagram showing the study area during the deposition of 
the Moodies Group as described in Model 1. a.) Clutha Formation; b.) Joe's Luck
Formation; c.) Baviaanskop Formation. See figure 1 for explanation of 
sy m b o ls .
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G roup generally fines to the north, the Clutha Formation in the Saddleback 
Syncline within the study area lacks the m assive, pebble and cobble 
conglom erates found in  the Moodies Hills. Crystalline clasts are the richest in 
these deposits.
C ontinued north-verg ing  thrust faulting  deepened the basin and 
further exposed the plutonic body. These changes resulted in the finer 
grained, arkosic B division o f the M oodies Group in the northern facies. The 
southern facies, deposited along the edge o f  the orogen, continued to receive 
coarse, lithic-rich m aterial during later C lutha time.
Consistent w ith the nature o f most Phanerozoic thrust belts, the front 
edge o f this thrust be lt migrated northward causing the uplift and 
cannabalism  o f  earlier M oodies strata along the southern edge o f the basin 
(Fig. 2b). Second- and third-generation sedim ents formed the quartz- 
enriched Joe's Luck Form ation. The m igration and uplift o f the region north 
o f the crystalline terrane probably separated the basin from the pluton. 
A lthough feldspar and crystalline clasts occu r throughout the entire 
northern facies M oodies Group, granitic detritus in the Joe's Luck and 
younger strata  are less abundant and probably recycled from o lder Moodies 
ro c k s .
U plift would have stopped deposition along the southern edge o f the 
basin. However, the amygdaloidal basalt w ithin Moodies Group-equivalents in
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Sw aziland suggest that this area was south o f the present boundaries o f the 
g reen sto n e  belt.
T hrusting tem porarily  stopped approxim ately at the beginning o f 
deposition o f  the Joe's Luck Form ation, although plate convergence and 
subduction probably continued south o f the region. The coarsening upward, 
p rograding  Joe's Luck sandstones and ultim ately conglom erates filled the 
depressed foreland basin. The am ygdaloidal basalt with tho leiitic  affinities 
w ithin the lower part o f  the Joe's Luck resem bles eruptive m aterial in 
Phanerozoic backarcs and suggest that the basin was tem porarily  an 
e x te n s io n a l en v iro n m en t.
R einstatem ent o f  north-verg ing  th rust faulting  south  o f  the basin 
caused the study area to  rapidly deepen. The much finer grained Baviaanskop 
Form ation was deposited at that tim e (Fig. 2c). Northward m igration o f the 
thrust b e lt continued, progressively lifting up the basin from  south to north 
and ultim ately  stopping deposition. These north-verging th rust faults and 
associated back thrust and folds comprise the prom inent D 3 structures.
M o del 2
Tectonic evolution o f  the basin in Model 2 is the same as in Model 1 (Fig. 
3). The only difference is the placement o f  the crystalline terrane adjacent to 
the northern  part o f the basin. Its exact location is unclear. T he presence of
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Figure 3. Schematic diagram showing the study area during the deposition o f 
the M oodies Group as described in Model 2, a.) Clutha Formation; b.) Joe's Luck
Formation. See figure 1 for explanation o f symbols.
crystalline m aterial, including some coarse grains, in the sub-aerial deposits 
o f the Saddleback Syncline requires that the granitic source was along the 
northw est o r northeast edge o f  the basin since m aterial this size would not 
move upslope under these conditions. As in Model 1, the larger size and 
greater abundance o f granitic m aterial in the M oodies Hills are the result of 
la tera l fac ies changes.
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The orig in  and method of em placem ent o f the crystalline terrane 
adjacent to the northern part o f  the basin is problem atic. The lack of earlier 
evidence o f  an evolving, unroofing crystalline terrane to the north suggests 
that a previously uplifted and exposed pluton was em placed against the 
greenstone belt basin by shearing that was more or less concurrent with the 
uplift o f  the greenstone belt to the south. Although the details of this model
are unclear, i t  is an attractive explanation for the d istribution o f the
c ry s ta llin e  m a te ria l.
M odel 3
The th ird  model proposes that deposition o f the M oodies Group started 
earlier in the southern part o f the basin than in the northern part o f the 
basin. The sedim ents represented in the Powerline Road and Maid of the M ist 
M ountain Synclines were laid down prior to uplift and exposure o f the 
crystalline terrane to the south (Fig. 4). Northward m igration o f the thrust
belt depressed the basin further to the north, resulting in the initiation of 
deposition o f  the northern basin after the pluton was exposed. Crystalline 
m aterial may have accumulated in the southern part o f the basin during the
latter phases o f  deposition but those stra ta  are not preserved in the Powerline 
Road and M aid o f  the M ist M ountain Synclines.
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Figure 4. Schem atic diagram showing the study area during the deposition o f 
the M oodies Group as described in Model 3. a.) Early Clutha Formation
(southern facies only); b.) Later Clutha Form ation (southern and northern 
facies). See figure 1 for explanation o f symbols.
Although not as appealing as Models 1 and 2, M odel 3 can not be 
elim inated  w ithout further detailed petrographic study o f  the southern facies 
o f the M oodies Group, particularly the strata adjacent to the amygdaloidal 
basalt. The transitional contact between the Schoongezicht and Clutha 
Form ations both north and south o f  the Inyoka Fault seems to argue against
I
-j
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this model, however. M odifications o r  rejection o f M odel 3 should be possibly 
with further study o f  the southern facies o f  the M oodies Group.
D 4 - D 6
The em placem ent o f  the Kaap Valley Pluton has been generally 
regarded as the result o f  diapiric instab ility  and uplift (Anhaeusser, 1964; 
1973; Viljoen, 1964; Roering, 1967; Robb and Anhaeusser, 1983; Robb e t al., 
1986; Tegtm eyer and Kroner, 1986). Jackson et al. (1987) suggested that the 
thrust sheets acted as a therm al blanket, trapping heat in  the buried tonolitic 
pluton. Unable to release its heat, the pluton remobilized as a  hot but solid 
m ass, piercing the overlying layers. The rising pluton dragged up lower 
s tra ta  (O orschot-W eltevreden Belt) along the north side o f  the greenstone belt 
(Fig. 5a and b). How ever the Kaap Valley Pluton was em placed, northward- 
d irected , approxim ately  horizontal com pression o f  the g reenstone belt 
continued during, o r a t least soon after, the pluton rose leading to tightened 
folds, sub-vertical stra ta , vertical fau lts, and pebble flattening.
D uring D5| lateral tectonics continued in the study area but changed in
style. Dextral shearing replaced north-directed, thrust faulting  (Fig. 5c). The 
Inyoka Fault and probably  other D 3 thrust faults were reactivated as D5
wrench faults. A ssociated z-folds form ed in the M oodies H ills and Inyoka 
Block. The synclinal axial planes o f the Powerline Road and M aid o f the Mist
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Figure 5. Schem atic diagram  showing the study area follow ing the deposition 
o f the Moodies Group, a.) End o f D3; b.) End of D4; c.) End o f  D 5.
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M ountain Synclines were folded. This event, along with D3, undoubtably 
contributed to the melange character o f  the Inyoka B lock and other 
predom inantly Onverwacht and Fig Tree terranes adjacent to the major faults.
M any questions remain unansw ered about the origin and im portance 
o f  the D 5 events. The strike-slip faults and transpressive folds may be
products o f escape tectonics that resulted  from continued north-south 
com pression due to convergence south o f  the study area. A lternatively, the 
convergent boundary to the south m ay have evolved into a transform 
boundary betw een D4  and D5< analogous to the west coast of North America
during the early Tertiary (Atwater, 1970).
Shearing along these faults was sub-parallel to the regional strike o f 
bedding and the scale o f  displacement is presently uncertain. Model 1 
requires at least 30 kilom eters of relative right-lateral offset along the Inyoka 
Fault to explain the crystalline clasts in the Moodies Group within the Eureka 
and Saddleback Synclines and the M oodies H ills and the absence o f any 
granitic m aterial in the Powerline Road and M aid o f the M ist Synclines.
M odels 2 and 3 are consistent with our present understanding o f D5 but the
m agnitude o f this event is irrelevant to  these scenarios.
The final tectonic event, D6, included the form ation o f steeply dipping,
typ ica lly  north -northw est-strik ing , d ip -slip  faults com m only intruded by 
diabase dikes. They probably represent the roots to continental flood basalts
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that have been stripped away from the region by erosion. Continental basalts
and their feeder d ikes are typically associated w ith back-arc settings and
suggest that the area was on an upper plate adjacent to a subduction zone. 
W hether the D6 tectonism  and m agm a generation was a continuation o f the 
convergent-style tectonism  o f  earlie r D3 or not is unclear. Alternatively, Dg 
faulting and dike em placem ent m ay have been in a tear-apart basin adjacent 
to a transform  boundary. Some w orkers have suggested that continental 
basalts in the Basin and Range o f the western United States are associated with 
the transform boundary along the west coast o f North Am erica. The absolute
tim ing o f this last tectonic event is poorly constrained and may also represent
an entirely separate  tectonic setting than the previous stages.
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CONCLUSIONS
The Barberton greenstone belt was adjacent to an evolving convergent 
boundary during m ost o f  its post-Onverwacht history until cratonization. The 
study area was on the northeastern, and possibly northern, flanks o f  an 
island arc during deposition o f  the upper Fig Tree G roup's Schoongezicht 
Formation. The transition from Schoongezicht strata to the Moodies Group 
marks the d iscontinuation o f volcanism  and the in itia tion  o f  north-verging 
fold and thrust orogenesis to the south or southeast o f the study area. Older 
greenstone m aterial was lifted up and eroded. The reworked sedim ents 
com pose the quartz-enriched  C lutha Form ation.
In the part o f the basin that is now north o f the Inyoka Fault, the base
of the Clutha Form ation also marks the exposure o f a felsic terrane that
provided granitic and other coarsely crystalline detritus to the Moodies Hills 
and Saddleback Syncline. Three m odels were proposed to explain the lack of 
crystalline clasts south o f the Inyoka Fault. The first m odel placed the
crystalline terrane to the southwest o f the study area. Northward transport
deposited granitic sedim ents in the basin but the sedim ents did not reach the 
southeastern part o f the basin. Later dextral shearing sub-parallel to the 
form er orogenic belt juxtaposed the northern facies o f  the M oodies Group, 
which was deposited in the northwestern part o f the basin, and the southern 
facies, which was deposited in the southeastern part o f the basin. The second
with permission of the copyright owner. Further reproduction prohibited without permission.
scenario  shows the granitic terrane along the northw estern o r northeastern 
border of the basin, separated from the fold and thrust belt. The third model 
places the crystalline source area w ithin the southern orogenic belt but 
requires that deposition o f most o f the southern facies took place prior to 
uplift and exposure o f  the granitic body.
Except for a brief hiatus during  Joe's Luck tim e, north-verging thrust 
faulting continued throughout deposition  o f the M oodies Group, eventually 
lifting up the basin and stopping deposition in the study area. Following 
thrust faulting in the study area, the Kaap Valley Pluton rose, piercing the 
overly ing greenstone belt. N orthw ard-directed  com pression follow ing this 
e v e n t .
The tectonic style of the study area changed to strike-slip  faulting 
possib ly  representing  escape tectonics caused by pro longed  north-south 
com pression or reflecting a change in the adjacent plate boundary from 
convergent to transform . The m agnitude o f displacem ent associated with this 
event is p resen tly  undeterm ined.
N orth-south-strik ing, steeply d ipping , dip-slip  faults and dike 
em placem ent represented the final stage o f  tectonism in the study area. An 
extensional environm ent may have resulted in the upper plate o f an evolving 
convergent boundary or the region may have been torn apart by an adjacent 
transform boundary. The absolute tim ing o f this last tectonic event is poorly
with permission of the copyright owner. Further reproduction prohibited without permission.
constra ined  and m ay represent an entirely  separate  tectonic setting  than 
p rev io u s stage.
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APPENDIX ia  
SECTION LH XV - POWERLINE ROAD 
SYNCLINE
TOP LOCATION: LAT. 25°53’00" LONG. 31°00'55" 
BOTTOM LOCATION: LAT. 25°53’2 r  LONG. 31°00'09"
Stratigraphic Thickness: 810 m 
Scale: 1 cm = 5 m
This section was m easured through the upper part o f  the south side o f the 
Powerline Road Syncline on the Schultzenhorst Farm . It includes 155 m of 
Schoongezicht Form ation and 655 m of the low er C lutha A Form ation.
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Coarse to vtrv coarse endued ss. liesegang rings wrap around a 70* 
corner near top - obviously not a mud pool.
—  LH 547 -  Very coarse grained ss.; 105>l 5-10 mm clasts; max. 
clasts size -  -1 cm; -3073 quartz
8s. w ith -1573 pebbles of play, porphyry ss., fuchsitie chert,& 
black cheit.
Very coarse grained ss; -2575 5-10mm clasts of predominantly play, 
porphyry.
LH 546 - Medium, grained ss.; -4073 quartz; beta-quartz; possible tuff.
xXtXteSi&SSSRfil
!8tff3s8S3Si£!?3Sx
v x x x x o f . x - x -.
. • O l ' . ' . v l 'M v X v
—  LH 545 - Pebble eg.; max. clasts size -  -  8cm; "6073 quartz in  matrix. 
Some fuchsitie chert clasts.
-  Medium grained ss. w ith -207? pebbles
Medium grained ss. with -3073 quartz in  matrix
-  LH 544 -  Medium grained ss.; "1573 quartz in  matrix
Very coarse grained ss.; -373 chert pebbles; -1073 quartz in  matrix
m m m v -
Ss. with minor amt. of chert clasts; very sheared and foliated 
—  LH 543 - Ss. within a eg.; quartz in  the matrix
m m m m m
T
* Cobble and pebble eg.; clasts are predominantly plag. porphyry; 
quartz in matrix; no fuchsitie chert clasts noted.
LH 542 - Cobble eg.; max. clasts size -12 cm; -2073 quartz in  matrix
—  Very coarse grained ss.; 573 pebbles and cobbles; max. clasts size -  A cm.
Very coarse grained ss.; minor amt. of 1-7 cm clasts of black chert Sc 
plag. porphyry; massive but foliated parallel to bedding.
  Cobble Sc pebble eg.; max. clasts size -  9 cm; clasts are -5073 plag.
Porphyry, 3073 black chert, 1073 bedded chert, 573 jasper, 273 bedded 
Fe formation; probably close matrix; foliation NB3E 90.
fflo w m m a Moodies group
SCHOONGEZICHT FORMATION
LH541 - Ss.; -1573 quartz
Section: Powerline Road Suncline 1 Interval: 0 m to 95 m 1
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105—
m m r n
95-
Sandstone; plagioclase-rich with 4038 quartz
Coarse to very coarse sandstone; plagioclase-rich and 
"538 quartz; massive.
LH316 -  Medium grained sandstone; "3038 quartz 
LH 549 -  Sandstone
LH 720  -  Medium grained sandstone; "8035 quartz; 
well-sorted and well-rounded.
Sandstone; limonite-rich; crudey
Medium to coarse grained sandstone; very heterogeneous 
and includes 10% clasts; max. clasts size 8 cm; "538 
quartz and also includes chert, jasper, plagioclase-rich 
sandstone.
Medium to very coarse grained sandstone; some pebbles; 
plagioclase-rich, 3038 quartz.
LH 548 -  Siltstone; 538 quartz (tuffaceous?) 
Medium grained sandstone; 1038 quartz
Conglomerate; max. clasts size "10 cm; clasts of 
banded chert, black chert, and plaqioclase-rich 
sandstone; matrix "538 quartz.
Section: XV -Powerline Road Sqncline 1 Interval: 95 m to 195 m 
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LH 722(nearhij f -  Medium to fine grained sandstone; 20% 
quartz.
I Very coarse grained sandstone
Fine to coarse grained sandstone; "50% quartz; sheared
LH 552 -  Pebble and oobble conglomerate; max. clasts 14 cm 
and average clasts size 1 cm; 70% black chert, 20% 
banded chert, 3% plagioclase-rich clasts,1%  vein quartz, 
<1% fuchsitic chert.
\  :i
T " " 1
m
195-
200- l 8 i l l
I
LH 721 -  Coarse sandstone; 60% quartz; "mud" cracks -  
infilling of coarser sand in medium to fine grained sandstone 
Fine grained sandstone; 30% quartz
Medium to fine grained sandstone; 40% quartz
Very sheared, cleaved, appears like my Ionite.
LH 551 - Sandstone with 60% quartz; in a sheared zone 
Very coarse grained sandstone with quartz and plagioclase
LH 550 -  Medium to very coarse sandstone with .*50% 
quartz
Sandstone; plagioclase-rich with 5-10%  quartz
Section:XV ~Powerline Road Suncline 1 Interval: 195m to 295m I 
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3 0 0 -
Conglomerate; average clasts cm; predominantly black 
chert with some fuchsite; clast-supported.
Fine grained sandstone; crudey
LH 723 -  Sandstone; 809K quartz
Section: XV -Powerline Road Suncline I Interva1:295m to 395 m 1
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LH 726 -  Medium grained sandstone
Massive
Fine to medium grained sandstone; "205? quartz.
LH 725 -  Massive sandstone with 55? clasts; matrix has 
“20 quartz; clasts are 80S? black chert, 25? fuchsitic 
chert. 295 plagioclase-rich clasts, 59? Fe pod clasts, 55? 
banded chert.
LH 724 -  Conglomerate with coarse to very coarse grained 
sandstone lenses; matrix is 80S? quartz; massive.
DOG LEG IN MEASURED SECTION
Sandstone; 7 0 »  quartz, "2095 limonitic clasts (1 -3  mm).
Section: XV-Powerline Road Suncline I lnterval:395m to 495 m I 
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“2 0 »  jasper in a 70 cm area; max. clast “ 13 cm 
Some clast-supported; some matrix-supported.
“2 0 »  clasts
Very coarse grained sandstone
Conglomerate; “ 4593 banded chert, 3598 black chert, 1098 
limonite, 398 fuchsitic chert, and 598 plagioclase-rich 
clasts.
Massive
3-6  cm beds; “4098 quarts 
Massive
LH 727 -  Conglomerate; max. clast “5  cm; bottom scoured
Massive 
10 cm beds
Fine to medium grained sandstone; “ 7098 quartz, 2098 
black chert, 598 limonite; massive.
Fine to very coarse grained sandstone 
Faint, thin bedding
Section:XV -Powerline Road Suncline 1 Interva1:495m to 595m 1
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*Fytrrm m m m
Giant cross-bedst
Beds 4 -80  cm.
Some giant cross-beds.
7 5 *  fine grained quartz but not well -  cemented; a covered 
area.
Generally massive to medium beds.
Very crudey and only found in the road. Otherwise it is 
covered.
Massive
Very coarse grained sandstone; " 3 0 *  quartz, 1 5 *  
limonite clasts (” 1 cm).
;—  LH 728 -  Conglomerate; max. clast "15 cm.
Section: XV-Powerline Road Suncline I lnterval:595m to 695 m j
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LH 730 -  Fine to medium grained sandstone; 8055 quartz.
Thicker beds - 4-20 cm.
Fine grained sandstone; 85% quartz, 5% black chert,
2% limonite, <1% plagioclase-rich clasts, 7% unknown.
Planar beds 2 -8  cm
LH 729 -  Medium-grained sandstone; 90% quartz 
Beds 2-10 cm
Beds 2 -8  cm.
I Section: XV -Powerline Road Suncline I lnterval:695m to 795m Page number 8 of 9 pages.)
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^.ix.r.in —  LH 731 -  Conglomerate; fine to medium grained matrix; 
TTvTI 7098 quartz
I
Section: XV -Powerline Road Suncline 1 Interva1:795m to 810m 1
Page number 9 of 9 pages.
4
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APPENDIX lb  
SADDLEBACK SYNCLINE COMPOSITE 
(SVENGALI SECTION)
Stratigraphic T hickness: 2811 m 
Scale: 1 cm = 5 m
This section is a composite base on the Saddleback Syncline W est and 
Saddleback Syncline East m easured sections. The portion including the Clutha 
and Joe’s Luck Form ations is proposed as a supplem ental type section fo r these 
un its  w hich have previously been described only by type areas.
2 4 0




Siltstone; 1595 limonite, 595 quartz; crudey.
Large hematite cubes in an isolated spot -  i 7  m 
Beds 3 -5 0  cm.
Fine to coarse grained sandstone; 3095 quartz.
Fine to coarse grained sandstone; 3093 quartz, 593 Fe pod; 
beds 3 -1 0  cm.
Sandstone; "2595 quartz, an arkose; planar beds "1 cm.
[ • ! v ! v ! v ! v  v ! w ! v  /  h U .  I W T K
porphyry, 
o x * '> 2 -m -2s  i-1 i i t u  a  t
LH 734c -  Conglomerate; aver, clasts size "2 cm, max.
70% black chert, 595 banded chert, 2095 plag. 
1 % fuchsitic chert, some pyrite; massive.
CLUTHA FORMATION A_________________
SCHOONGEZICHT FORMATION
LH 734b -  Sandstone; 20% plagioclase, "5% quartz;
"1 cm beds
LH 734a -  Conglomerate; plagioclase porphyry-rich.
I N Y O K A  F A U L T
Section: SADDLEBACK COMPOSITE 1 Interval; -15  m to 00 m 1
Page number 1 of 29 pages.
























Laminated; occasional single black or fuchsitie chert pebbles. 
LH 737 -  Medium grained sandstone; "5095 quartz.
LH 736 -  Fine to medium grained sandstone; 3095 quartz; 
beds 2 -8  cm.
Beds 4 -30  cm.
Beds 1-10 cm.
LH 735 -  Medium to coarse grained sandstone; 2095 quartz; 
some lensing.
Section: SADDLEBACK COMPOSITE 
[Page number 2 of 29 pages. \
I Interval: 80m to180m l





















Fine grained sandstone with 2 mm thick lenses of coarse 
grained sandstone.215
210








I Interval: 180m to 280Section: SADDLEBACK COMPOSITE
Page number 3 of 29 pages. |
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LH 740 -  Predominantly fine grained sandstone; 6093 quartz; 
beds 3 -1 0  cm; no more SvengalHike partings.
Same
LH 739 -  Fine to coarse grained sandstone; "5095 quartz, 
10& chert; laminated beds as at Svengali.
Section: SADDLEBACK COMPDSITE 1 lnterval:280m to 380 m 1
Page number 4 of 29 pages.








Predominantly medium to coarse grained sandstone, some 
very coarse grained sandstone; max. size 17 cm; predomi­
nantly black chert vith  some fuchsitlc chert floating in 
matrix; laminations.
Beds "5-20 cm thick.
LH 741 -  Fine grained sandstone; laminated.
Very coarsegrained sandstone layers
Minor planar cross-bedding; definately up to north.
Isolated chert pebble.
Grit and predominantly coarse grained sandstone; some 
laminations (Svengali) and fine sandstone.
DOG LEG IN THE MEASURED SECTION
SYengali-like laminations
Fine to coarse grained sandstone; 6 0 *  quartz, 1 0 *  black 
chert, 3 0 *  unidentified; predominantly laminated to 10
cm.
Some laminated.
Section: SADDLEBACK COMPOSITE 1 Interval: 380m to 480m 1
Page number 5 of 29 pages.










Fine to medium grained sandstone; 7058 quartz. 
Rare fuchsitie chert; more black chert.
Generally thin; some cross-bedded.
Beds are laminated to 15 cm; rare black chert "2 cm pebbles.
LH 743 -  Fine to medium grained sandstone; 6055 quartz; 
laminated but not Svengali-type.
Fine to medium grained sandstone; "4058 quartz. 
Beds 2 -1 0  cm.
LH 742 -  Conglomerate; includes plagioclase porphyry-rich 
and minor fuchsitie chert clasts; <70 cm thick beds.
Large clasts " 3  cm; predominantly chert.
Section: SADDLEBACK COMPOSITE 1 Interval: 480m to580 m 1
Page number 6 of 29 pages. |
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680
6 7 5 .
It&JSZSUSt#.*M
670 —  




655 —  
650 —  




.6 3 5 .
j
'6 3 0 .
6 2 5 .
620 —  
615 —  
6 1 0 .  
605  —  
600 —  
595 —  
590 —  
585 —  
5 8 0 -
Up to north.
Generally thin or cross-bedded.
Same
Beds are laminated to 30 cm.
LH 744 -  Fine to medium grained sandstone; 8095 quartz. 
Bedding is  2 -10  cm.
Massive; only ~2% black chert but the largest is 20 cm.
Massive here.
Section:SADDLEBACK COMPDSITE 1 Interval:580m to 680m 1
Page number 7 of 29 pages.








7 7 0  —  
7 6 5  - 
7 6 0  .
22222CE
ggggjj
7 5 5  m |
 E S S E
LH 7 9 5  -  Medium grained sandstone (arkose); "5098 quartz, 
2% chert pebbles and cobbles, lots o f K-spar, 298 fuchsitie 
chert.
Beds 4 -7 0  cm.
7 5 0  _ ]  
7 4 5  
7 4 0  —  
7 3 5  
7 3 0
wufit; irHH»
7 2 5  _  
7 2 0  _ _  
7 1 5  .
7 1 0  - h 
7 0 5  .
7 0 0  —  
6 9 5  —  
6 9 0  —  
6 8 5  
6 8 0  —
rg Fr^ T rr
m m m  i
i
598 jasper and black chert cobbles.
Conglomerate; predominantly black chert pebbles with *598 
fuchsitie and 198 jasper pebbles.
Conglomerate; black, white, and fuchsitie pebbles.
Medium grained sandstone; 6098 quartz; beds 5 -2 0  cm.
Many thin (<10 cm) layers of eg similar to LH 7 9 4 ; occas. 
chert cobbles.
This area has repeated seq. o f *15 cm sandstone, 4  cm eg.
Medium to coarse grained sandstone; 8098 quartz, 198 
fuchsitie chert.
Medium to very coarse grained sandstone with *  295 chert 
pebbles and cobbles.
Conglomerate like LH 7 9 4 ; 0 -2  cm thick.
Very coarse grained sandstone.
Medium grained sandstone with rare black chert pebbles and 
cobbles: max. size 12 cm; 70&  quartz; beds *10  cm to 
massive.
Same type o f conglomerate.
£1
HO—  LH 794  -  Conglomerate; pebble size clasts o f black, white,
and fuchsitie chert; *25 cm thick, thinning to  15 cm approx. 
10 m to the east; difficult to follow laterally; MARKER BED.
All cross-beds dip to w est.
Fine to medium grained sandstone; *7098 quartz; beds *3- 
20 cm thick.
Section:SADDLEBACK COMPOSITE 1 Interval: 680m to 780m
Page number 8 of 29 pages. |













8 45  , 
8 40  ■ 
8 3 5  . 
830  






7 9 5  — | 
7 9 0  .  
7 85  -  
7 8 0 -
V .V .8 5
lUVvi.y.v.'.v
DOG LEG; TIE POINT OF SADDLEBACK 
SYNCLINE SECTIONS I AND II. 
Conglomerate; pebbles of black, white, Ik fuchsitie chert 
pebbles; clasts 2 -1 2  cm.
LH 796 -  Medium to very coarse grained sandstone; 7095 
quartz; clasts generally sub-angular.
Predominantly chert granules.
Minor Svengali-like partings.
Conglomerate with chert pebbles.
Pebble conglomerate; max. clast size 11 cm , pred. pebble 
size; 5095 black chert, 1595 fuchsitie chert, 1595 sand­
stone; 2 % jasper, 1895 unidentifiable; 2 -2 5  cm thick.
Medium grained sandstone; 8095 quartz.
Includes fuchsitie and black chert pebbles.
20 cm black chert cobble.
Conglomerate; pebbles o f  black, white, & fuchsitie chert;
bed 0-1 Ocm thick.
Very fine grained sandstone parting.
Fine to medium grained sandstone; 9095 quartz. 
Beds are medium thick to m assive.
Section: SADDLEBACK COMPOSITE 1 Interval: 780m to 880m
Page number 9 of 29 pages. |
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980  
97 5  —  
970
965  —  
960  —  
9 5 5  . 
9 5 0  — | 
9 4 5  .
CO
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21 9 3 5 -  
9 3 0  ■ 
9 2 5  - 
9 2 0  - 
9 1 5  - 
910  -
+-H+S
r . r . v ;  i ." i .
9 0 5  —
900   E K w 'S IS
8 9 5  —
89 0  ~
8 8 5  —
8 8 0 — 1
p w w w ^ y o w p o o m
Medium grained sandstone; laminated.
Medium grained sandstone; possibly laminated.
Medium to coarse grained sandstone; beds "I -1 0  cm thick, 
some possibly laminated.
Medium to coarse grained sandstone; m assive. 
Beds * 1 0 -1 0 0  cm.
Section: SADDLEBACK COMPOSITE I Interval: 880m to 980ml
Page number 10 of 29 pages. |



























This area has honeycomb weathering.
Predominantly medium grained sandstone; laminated.
Predominantly medium grained sandstone; laminated.
Start of 1 s t  Svengali drillhole; drilled north (LH 6 1 1 1 T
Dog leg in measured section
Section: SADDLEBACK COMPOSITE 1 Interval: 980 m to 1080ml
Page number 11 of 29 pages. |







1175 —  
1170 —  
1165 —  


















CLUTHA FORMATION B 
CLUTHA FORMATION A
LH 617 -  Medium to coarse sandstone; no pebbles or very  
coarse sand; 9098 quartz; beds 10-80  cm; some cross­
beds.
Laminated section; no cross-beds; probably like LH 611
Section: SADDLEBACK COMPOSITE 1 Interval:! 080m to 1180ml
Page number 12 of 29 pages. |






1 2 8 0  -----
1275 —
1270 ----
1265 —  
1260 —  
1255 —  
1250 —  
1245 —  
1240 —  
1235 —  
1230 —  
1225 —  
1220 —  
1215 —  
1210 —  
1205 —  
1200 —  
1195 —  
1190 —  
1185 —  
1180 ■'
Section: SADDLEBACK COMP□SITE 1 Interval: 1180 m to 1280ml
Page number 13of 29 pages.























Section: SADDLEBACK COMPOSITE 
'Page number 14 of 29 pages.
Interval: 1280 m to 1380m
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1410 —  
1405 —
3 © 8 K ff l» 0
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1 X,
1 3 8 5  ~
—  m m m l
Medium to very coarse grained sandstone with layers of  
very coarse grains and dispersed chert pebbles; a few  
thin (<3 cm) layers of chert pebble conglomerate; heavily 
cross-bedded -  all nw -se except 2  thin lenses.
Abundant evidence o f up to north.
Section: SADDLEBACK COMP OSITE 1 Interval: 1380 m to 1480ml
Page number 15of 29 pages.















1535 — | 
1530 —  
1525 —  
1520 —  
1515 
1510 —  









E3« « « « « »
480
Predominantly coarse grained sandstone. 
Very weathered (all that remains is quartz).
Very weathered
LH 6 1 4  -  Predominantly medium to coarse grained sandstone 
with some layers o f Yery coarse sandstone; •*'809! quartz; 
"296 chert pebbles clasts.





Medium to yery coarse sandstone.
Massive beds "80 cm to 1.4 m.
Beds 2 -1 0  cm.
LH 616 -  Medium to very coarse grained sandstone with 
some very coarse grained layers; very coarse grained 
black chert layers; cross-bedded.
Section: SADDLEBACK COMP□SITE 1 Interval:! 480 m to 1580m|
Page number 16 of 29 pages.



























Medium and coarse grained sandstone; beds ~10 -2 5  cm and 
cross-bedded; highly weathered.
Section: SADDLEBACK COMPOSITE 
Page number 17 of 29 pages.
1 Interva1:1580 m to 1680m








1770 —  
1765 —  
1760 —
1755 —  
1750 —  




1725 —  
1720 —  
1715 —  
1710 —  
1705 —  
1700  
1695 —  
1690 —
1685 —  
1680
i m m
Medium to very coarse grained sandstone; ~809S quartz; 
heavily cross-bedded; up to north.
All cro ss-sets  trend ne-sw .
Sandstone; m assive.
Section; SADDLEBACK COMP DSITE 1 IntervaV.1680 m to 1780ml
Page number 18 of 29 pages.









1865 —  















1785 —  
1780
Coarse sandstone; beds "1 -7  cm; maybe in a shear zone. 
Top to north.
IH 5 6 9  -  Sandstone with some matrix-supported chert 
pebbles; cross-bedded.
Channel with trough cross-bedding.
Section: SADDLEBACK COMPDSITE 1 Interval:! 780 m to 1880m
Page number 19 of 29 pages.










LH 3 6 7  -  Medium to coarse grained sandstone; bedded 1- 
10 cm.
No cross-bedding in this section.
1965
Predominantly coarse grained sandstone.1960
1955


















Section: SADDLEBACK COMPOSITE llnterval:1880 m to 1980ml
Page number20of 29 pages. I



























Conglomerate with clasts £11 cm.
Coarse sandstone with .5 mm to 1 mm black chert clasts; 
beds " 1 -1 0  cm, major partings 5 -3 0  cm; rounded to sub­
rounded clasts.
Very coarse sana.
LH 3 6 6  -  Medium to coarse grained sandstone; quartz-rich, 
no fuchsitie chert clasts.
Monotonous section
Section: SADDLEBACK COMP3SITE Interval: 1980 m to 2080m
Page number 21 of 29 pages.






218 0  
21 7 5
2 1 7 0   1
2165
2 160   !
215 5  
215 0  
214 5  
2 1 4 0  
21 3 5  
213 0  
2 1 2 5  
2120 
211 5  
2110 








208 5  ----
Coarse to very coarse grained sandstone with some 1 -2  cm 
pebbles.
Less clast abundance; definately matrix-supported.
Very coarse grained sand matrix.
Probably matrix-supported.
Pebble conglomerate; 1 -2  cm clasts; predominantly black 
and white chert with some fuchsitic chert; m atrix- 
supported.
Cherty layer -  looks like replacement of sediments.
Matrix is coarse to very coarse sand; matrix-supported; 
clasts are J, 2  cm.
Surface appearance like LN 3 5 4 . Fresh pieces different.
More limonitic and more vuggy.
LH 199 -  Amygdaloidal flow rock.
Same as LH 199.
Section: SADDLEBACK CGMP DSITE 1 lnterval:20B0 m to 2 180ml
Page number22of 29 pages.




























LH 354  -  Siltstone; tuffaceous (? ); red and green -  similar 
to Fig Tree Fe-rich sedimentary rocks; conchoidal fracture. 
Bed thickness averages " 3 -7  mm.
Coarse to very coarse sandstone.
Massive beds.
No clasts are seen.
Coarse to very coarse grained sandstone; poorly sorted.
1 cm in diameter chert clast.
Coarse to very coarse grained sandstone.
LH 355  -  Siltstone (tuffaceous?); similar to LH 3 5 4 ; buff 
color with tints of red and green.
Coarse to very coarse grained sandstone.
Massive beds
Section: SADDLEBACK COMP 3SITE I In tervals  180 m to 2280ml
Page number 23of 29 pages.






2 3 8 0  —  
2 3 7 5  —  
2 37 0  —  
2 36 5  —  
236 0  —  
2 3 5 5  —  
2 350  —  
2 3 4 5  —  
2 340  —  
2 3 2 5  —
c
£ 32 0  ----
231 5  —  
2320  
2315
•.•.•.‘. • . ' . • . • . • • • . ' . • • • • • I
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2 305  -----
230 0  
2 295
Hi
ryvvyn n r irv *  '.wwvwwwI n n W i n i M M W ^ w y M l l W M
Coarse to very coarse grained sandstone; 1 -2  cm clasts; 
probably matrix-supported.
Very coarse grained sandstone
Coarse to very coarse grained sandstone; 1 clasts (" 5  cm) 
of black chert seen in outcrop.
Sandstone; quartz-rich; m assive; weathered surface has 
honeycombed texture,
Fuchsitic chert clast
6 cm x 3 cm x 1 cm piece o f bedded chert. Otherwise, few  
clasts and clasts are smaller.
Coarse to very coarse grained sandstone; aver, clast size  
“ I cm, max. "3 cm; clasts are well-rounded; more 





Section: SADDLEBACK COMPDSITE 1 lnterval:2280 m to 2380m
Page number 24of 29 pages.








24 7 0  
246 5  
24 6 0  
245 5  
2450  
2 445  
2440  
2435
2 43 0  — ]
2425  ---- 1
242 0  ----
2415
?ivSvA<Jv'v. . .
n i i p
2 410  ---- 1
2 4 0 5  “





m M o ssssssm
Co arse grained sandstone; max. clasts size  ~  5 cm; bedded. 
LH 353 -  Sandstone; matrix-supported; m assive.
Very coarse grained sandstone matrix.
Very coarse grained sandstone with some pebble clasts.
Sandstone with a few  1 -2  cm pebbles; cross-bedded.
All debris is matrix-supported conglomerate with coarse 
to yery coarse sand matrix.
Planar cross-beds always dip se-nw . 
Very coarse grained sandstone.
No clasts seen in this part o f the section.
Clasts are rare.
Coarse to Yery coarse grained sandstone; medium beds to 
massive.
Section: SADDLEBACK COMPOSITE lnterval:2380 m to 2480m
Page number 25of 29 pages.






2 5 8 0  ‘ 
2 5 7 5  — | 
257 0  ■ 
2 56 5  ■
■ V tV A V A V / .V .V .V ,
:• Ox-qfex-:a.ff
2 560  - H  
2 55 5  — J 
2550  ■
2 545  —  
2540  — | 
2 53 5  - v & z m m z z c
2 5 3 0  - x m m m  
I
2 525  
2520 — | 
2515  
251 0
2 5 0 5  — I
2 5 0 0  ~ 
2 4 9 5  -  
249 0  -  
2 4 8 5  -  
2 4 8 0  —
m S m m z
i i l i i l S f
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h m m & m
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^ 2 ^ 2 2 2 2 3 2 9
Cv a 'A w .v .^
t.—.fy ti- a-w-Titttn y
Sandstone; quartz-rich.
Sandstone; quartz-rich.
Very coarse grained sandstone; quartz-rich.
Average >1 cm.
Predominantly small clasts with occasional 1 -1 .5  cm clasts; 
aver. ~5 mm.
Medium to coarse grained sandstone; quartz-rich.
Very coarse grained sandstone.
Very coarse grained sandstone with 41 cm clasts.
Very coarse grained sandstone; m assive.
Very coarse grained sandstone with small (2  mm) granules. 
A planar contact
Conglomerate with large clasts (max. 15 cm); massive. 
Conglomerate with small pebbles; similar to LH 352.
Conglomerate similar to LH 3 5 0 .
Coarse sandstone with some small (<2 cm) pebbles.
Coarse sandstone; bedded (1 -7  cm thick).
Some small c lasts (<1 cm) pebbles.
Very coarse sandstone.
Coarse sandstone with <1 cm pebble clasts.
Coarse sandstone with occasional 2  cm clasts of chert;
matrix-supported.
A l a u e r  ~25 cm thick w i t h  m o s t l u  D e b b i e s ,  aver.'*'1-2 cm. 
Like LH 351
Conglomerate like LH 3 5 1 ; youngest rock has tiny bits of 
fuchsitic chert in the clasts. Slight deformation of bedded 
chert clasts
Section: SADDLEBACK COMPDSITE |lnterval:2480m  to 2580ml
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268 0  
2 67 5  
2 6 7 0  
266 5  
2 66 0  





2 630  
262 5  
2 6 2 0  ■ 
26 1 5  • 
261 0  • 
2605  • 
2600  • 
2595  ■ 
25 9 0  ■ 
2 5 8 5  ■ 
2 580  -
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JOE’S LUCK FORMATION
• LH 3 5 0  -  Conglomerate; aver, diameter of clasts ” 1 cm, 
max. diameter ~18 cm; predominantly black and white 
chert, some red chert and quartz; well-rounded clasts; 
planar foliation of clasts -  ellipticity aver. 2 :1 , max. 
" 5 :1; no fuchsitic chert.
Conglomerate; aver, clasts s ize "4 mm.
Sandstone; 80+95 quartz.
Conglomerate like LH 3 5 0 .
Sandstone; high quartz content; scoured lower surface.
LH 351 -  Sandstone; m assive; both surfaces are irregular.
Likfi-LHSSQ.
Conglomerate; max. clasts s ize .5 cm, aver. "5 mm. 
Planar contact.
Scoured contact..
LH 3 5 2  -  Conglomerate; smaller pebble clasts than above 
and below; m assive.
Section; SADDLEBACK COMPDSITE 1 lnterval:2580 m to 2680m
Page number 27of 29 pages.
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2 7 8 0
2 7 7 5
2 7 7 0
2 7 6 5
2 7 6 0
2 7 5 5
2 7 5 0
2 7 4 5
2 7 4 0
2 7 3 5
2 7 3 0
2 7 2 5
UJ
I -








More m assive, 2 -1 0  cm beds; no obvious laminations.
Beds "1 -3  cm with laminations.
1 cm thick quartz vein.
"location o f LH 3 4 9 . Taken from outcrop just up hill. 
Thicker beds aver. "10  cm but still with laminations.
Siltstone and shale; beds aver. "1 cm; red.
One bed ("3  mm) o f chert,
Monotonous
Siltstone; tuffaceous appearing with quartz; very similar to 
LH 349  but with visible quartz.
Siltstone; tuffaceous.
Section: SADDLEBACK COMP DSITE 1 lnterval:2680m to 2780m
Page number 28of 29 pages.
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2810   1
280 5  -  
2 800  -
279 5  ---- 1
2790  -
278 5  ---- 1
2 7 8 0 -
X
Thin beds "1 cm and laminated.
Slightly more yellowish for " 70  cm. 
Laminated to m assive.
Same stu ff as below.
Section: SADDLEBACK COMPOSITE llnterval:2780 m to 2815 ml
Page number 29of 29 pages.
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APPENDIX lc  
SECTION LH XII - SADDLEBACK 
SYNCLINE WEST
TOP LOCATION: LAT. 25°51’15" LONG. 31°00'47" 
BOTTOM LOCATION: LAT. 25°52T9" LONG. 31°01'56"
Stratigraphic Thickness: 2270 m 
Scale: 1 cm = 5 m
This section  was m easured through the western end  o f  the Saddleback 
Syncline w est o f  the Skokohla Trigonom etric beacon, on  the  Schultzenhorst 
and Am eide Farm s. The lower 300 m has been affected by faulting.
270























Predominant coarse with some medium grained sandstone; 
90+95 quartz; laminated beds 41 cm.
Pebble conglomerate; predominantly chert clasts
Abundant chert pebbles ("3095)
LH 6 2 0  -  Medium to coarse grained sandstone; 90+55 quartz
Very coarse grained sandstone with chert pebbles 
"1595 fuchsitic chert, "8595 chert.
I 1
X
i-ffrW b 'xotf+ iJ 'l—  Pebble conglomerate with some pebbles; predom. chert 
i........ .a  JV...J.— "—  Coarse and medium grained sandstone
Cobble and pebble conglomerate
Cobble and pebble conglomerate; predominantly chert; 
matrix 17095 quartz.xct
Medium to coarse grained sandstone; "9095 quartz
CLUTHA FORMATION -A DIVISION
Section: SADDLEBACK SYNCLINE 1 1 Interval: 0 m to 95 m 1
Page number 1 of 23 pages. |
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1 3 5 —
1 3 0 —





1 0 0 —
ra.V.Tr.tr.aWA
95- .  l . ' l . y l . l  K t i , , . , . .
Pebble conglomerate; average clasts s ire  *1 cm, max. 
clasts size "3 cm; predominantly chert v/ith"’l(M5 
fuchsitic chert.
Pebble conglomerate with <1 % cobbles; predominantly chert 
clasts.
Coarse to very coarse grained sandstone; a few chert 
pebbles.
LH 6 1 9  -  Medium to coarse grained sandstone; 4095 quartz.
Bed average "10 cm, may be laminated.
Medium to coarse grained sandstone; 90SB quartz; beds 
average "10 cm
Laminated
Section: SADDLEBACK SYNCLINE 1 1 Interval: 95 m to 195 m 1
Page number 2 of 23 pages. |
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220 —  
215— 
210 
20 5 — 
200 —  
195-
I**". w . v . w . v . w .
Coarse and very coarse sandstone
LH 618  -  Predominantly coarse sandstone, some pebbles; 
black, white, and fuchsitic chert sand and pebbles; large 
fuchsitic chert cobbles.
Coarse to very coarse sandstone; some open matrix chert 
pebble sandstone; m assive.
Massive
Section: SADDLEBACK SYNCLINE 1 1 Interval: 195 m to 295 m 1
Page number 3 of 23 pages. |
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320—
3 0 0 -
Medium grained sandstone; possibly laminated.
Medium to coarse grained sandstone; beds ‘*'1-10 cm thick, 
some possibly laminated.
Medium to coarse grained sandstone; m assive. 
Beds " 10-100  cm.
Highest chert pebble conglomerate; some fuchsitic chert; 
open matrix; appears to be a very small (" 3  m wide) 
channel.
Section; SADDLEBACK SYNCLINE 1 1 lnterval:295m to 395 m
Page number 4 of 23 pages. |









Predominantly medium grained sandstone; laminated.
Start of 1st Svengali drillhole; drilled north (LH 6111
DOG LEG IN MEASURED SECTION
1
Medium grained sandstone; laminated.
Section*. SADDLEBACK SYNCLINE 1 Interval:395m to 495 m 1
Page number 5 of 23 pages. |
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m m
Laminated section; no cross-beds; probably like LH 611
This area has honeycomb weathering.
Predominantly medium grained sandstone; laminated.
495— 1
Section: SADDLEBACK SYNCLINE 1 1 lnterval:495m to 595 m 1
Page number 6 of 23 pages. |
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695- 
6 9 0 -  
6 8 5 -  
680— 
675— 






6 4 0 -  
6 3 5 -  
630— 
6 2 5 -  
620—
6  1 5 —  
610
605—1$  




LH 617  -  Medium to coarse sandstone; no pebbles or very 
coarse sand; 9098 quartz; beds 1 0 -8 0  cm; some cross­
beds.
Section . SADDLEBACK SYNCL NE 1 1 Interva1:595m to 695 m 1
Page number 7 of 23 pages.























Section-.SADDLEBACK SYNCL NE 1 1 lnterval:695m to 795m 1
Page number 8 of 23 pages.





8 9 5 —
890—
885—
:̂ ss& m K K m
865—
860—
^■W JO W iO ii
iS#!#saVK fi!fi!A
















zs& *ss® m s> 'A
Medium to yery coarse grained sandstone with layers of 
yery coarse grains and dispersed chert pebbles; a few  
thin (<3 cm) layers o f chert pebble conglomerate; heavily 
cross-bedded -  all nw -se except 2 thin lenses.
Abundant evidence of up to north.
Section: SADDLEBACK SYNCLINE 1 1 Interva1:795m to 8 1 0 m
Page number 9 of 23 pages.
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LH 615  -  Medium to coarse sandstone; 6Q9S quartz; 
herringbone cross-beds.
Mud cracks
Beds "2-10  cm.
No pebbles present.
Medium to very coarse sandstone.
Massive beds "80 cm to 1.4 m.
Beds 2 -1 0  cm.
LH 616 -  Medium to very coarse grained sandstone with 
some very coarse grained layers; very coarse grained 
black chert layers; cross-bedded.
Section; SADDLEBACK SYNCLINE 1 lnterval:895 m to 995 m 1
Page number 10of 23  pages. |












1 0 2 0 —
1015— 1
0 1 0 —
1005—
000 -
Medium and coarse grained sandstone; beds ~ \0 -2 5  cm and 
cross-bedded; highly weathered.
Predominantly coarse grained sandstone. 
Very weathered (all that remains is quartz).
Very weathered
LH 614  -  Predominantly medium to coarse grained sandstone 
with some layers o f very coarse sandstone; "809K quartz; 
~2% chert pebbles clasts.
Section .-SADDLEBACK SVNCLINE 1 1 lnterval:995m to 1095 ml
Page number 11 of 23 pages. |
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n e o -  
U T S —  
1 170—  
1 165— 
1 160— 
1 155—  
1 150—  
1 145 —  
1 140—  
1 135—  
1 130—  
1 125—  
1 1 2 0 —  
1115—  
1 1 1 0 —  
1 105—  
1 1 0 0 —  
1095-
'A All cro ss-se ts  trend ne-sw .
Sandstone; m assive.
Section:SADDLEBACK SYNCL NE 1 1 Interval: 1095 m to 1195ml
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1 2 2 0  
1215— 
1 2 1 0 —  
1205—I 






LH 369  -  Sandstone with some matrix-supported chert 
pebbles; cross-bedded.
Channel with trough cross-bedding.
Medium to very coarse grained sandstone; ~80ST quartz; 
heavily cross-bedded; up to north.
Section: SADDLEBACK SVNCLINE 1 1 Interval: 1 195 m to 1295ml
Page number 13of 23 pages. |

























IH 5 6 8  -  Medium grained sandstone; dirty with abundant 
quartz.
Coarse sandstone; beds "1 -7  cm; maybe in a shear zone.
Section: SADDLEBACK SVNCL1NE I 
Page number14of 23pages.|
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LH 367  -  Medium -to coarse grained sandstone; bedded 1- 
10 cm.
No cross-bedding in this section.
Predominantly coarse grained sandstone.
JOE’S LUCK FORMATION
CLUTHA FORMATIONB
Section: SADDLEBACK SYNCLINE 1 llnterval: 1395 m to1495ml
Page number 15of 23 pages. |
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a vr»vfevfr S3
Cherty layer - looks like replacement of sediments.
Matrix is coarse to very coarse sand; matrix-supported; 
clasts are i  2  cm.
Surface appearance like LH 3 5 4 . Fresh pieces different.
More limonitic and more vuggy.
LH 199 -  Amygdaloidal flow rock.
Same as LH 199.
Conglomerate with clasts i t  1 cm.
Coarse sandstone with .5 mm to 1 mm black chert clasts; 
beds ‘*'1-10 cm, major partings 5 -3 0  cm; rounded to sub­
rounded clasts.
Very coarse sane.
LH 366  -  Medium to coarse grained sandstone; quartz-rich, 
no fuchsitic chert clasts.
[Section;SADDLEBACK SYNCL NE I Ilnterva1:1495 m to 1595 ml
|Page number 16 of 23 pages.
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Coarse to Yery coarse sandstone.
Massive beds.
No clasts are seen.
Coarse to very coarse grained sandstone; poorly sorted.
1 cm in diameter chert clast.
Coarse to very coarse grained sandstone.
LH 555  -  Siltstone (tuffaceous?); similar to LH 3 5 4 ; buff 
color with tints o f red and green.
Coarse to Yery coarse grained sandstone.
Massive beds
Coarse to yery coarse grained sandstone with some 1 -2  cm 
pebbles.
Less clast abundance; definately matrix-supported.
Very coarse grained sand matrix.
Probably matrix-supported.
Pebble conglomerate; 1 -2  cm clasts; predominantly black 
and white chert with some fuchsitic chert; matrix- 
supported.
Section: SADDLEBACK SYNCLINE 1 Interval; 1595 m to1695ml
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1700—
Coarse -to very coarse grained sandstone; aver, clast size 
"1 cm, max. "3 cm; clasts are well-rounded; more 
clasts than higher in section but matrix-supported. 
Bedded.
Conglomerate; clast-supported.
LH.354, -  Siltstone; tuffaceous (? ); red and green -  similar 
to Fig Tree Fe-rich sedimentary rocks; conchoidal fracture. 
Bed thickness averages " 3 -7  mm.
Section: SADDLEBACK SYNCLINE 1 llnterval: 1695 m to1795ml
Page number 18 of 23  pages7|
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1895-
All debris is  matrix-supported conglomerate with coarse 
to very coarse sand matrix.
Planar cross-beds always dip se-nw . 
Very coarse grained sandstone.
No clasts seen in this part o f the section.
ox
Clasts are rare.
Coarse to yery coarse grained sandstone; medium beds to 
m assive.
1815—
. ' . V . V . ' .V
: ' :* x w :f t S x #
' . • .V . ' . '. tP . 'X v X v . - . l
Coarse to very coarse grained sandstone; 1 - 2  cm clasts; 
probably matrix-supported.
Very coarse grained sandstone
Coarse to very coarse grained sandstone; 1 clasts ("S cm) 
o f black chert seen in outcrop.
Sandstone; quartz-rich; massive; weathered surface has 
honeycombed texture.
Fuehsitie chert clast
6 cm x  3 cm x  1 cm piece of bedded chert. Otherwise, few  
clasts and clasts are smaller.
Section: SADDLEBACK SYNCLINE 1 llnterval: 1795 m to1895m
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1950 —  
1945—  
1940
1930 —  
1925 —  
1920 
1915 —  
1910'
T
5 S S S S 5 2 I
......
p s p l i p ^
SK w fJSSvIw
v a x t&&&■<*
1935—
«y>»CL>xss«£a1905 —
m m m m
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1895— ôtnjWOobooooooodi
Conglomerate with large clasts (max. 15 cm); m assive. 
Conglomerate with small pebbles; similar to LH 352 .
Conglomerate similar to LH 35Q.
Coarse sandstone with some small (<2 cm) pebbles.
Coarse sandstone; bedded (1 -7  cm thick).
Some small clasts (<1 cm) pebbles.
Very coarse sandstone.
Coarse sandstone with <1 cm pebble clasts.
Coarse sandstone with occasional 2 cm clasts o f chert;
matrix-supported.
A layer "25 cm thick with mostly pebbles, aver."1 -2  cm. 
Like LH 351
Conglomerate like LH 3 5 1 ; youngest rock has tiny bits of 
fuchsitic chert in the clasts. Slight deformation o f bedded 
chert clasts
Coarse grained sandstone; max. clasts size " 5  cm; bedded. 
LH 353  -  Sandstone; matrix-supported; m assive.
Very coarse grained sandstone matrix.
Very coarse grained sandstone with some pebble clasts.
Sandstone with a few 1 -2  cm pebbles; cross-bedded.
Section: SADDLEBACK SYNCLINE 1 Ilnterval: 1895 m to1926m l
Page number20of 23 pages.
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Sandstone; high quartz content; scoured lower surface.
LH 3 5 ! -  Sandstone; m assive; both surfaces are irregular.
l ike I H 3RD
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2040— M l M c
—  LH352 -  Conglomerate; smaller pebble c la sts  than above 






2 0 1 0 —
2005— 1
2000 — flSSp 
i i i i i i
Section: SADDLEBACK SVNCLINE 
Page number 2 1 of 23 pages. |
Sandstone; quartz-rich.
Sandstone; quartz-rich.
. Very coarse grained sandstone; quartz-rich.
Z S —  Average >1 cm.
Predominantly small c la sts  with occasional 1 -1 .5  cm clasts; 
aver. "S mm.
Medium to coarse grained sandstone; quartz-rich.
Very coarse grained sandstone.
Very coarse grained sandstone with i l  cm clasts.
Very coarse grained sandstone; m assive.
Very coarse grained sandstone with small (2  mm) granules.
.—  A planar contact
llnterval:1995 m to2095m l

























'W M m i
m m m sB
Siltstone; tuffaceous appearing with quartz; very similar to 
LH 549 but with visible quartz.
Siltstone; tuffaceous.
BAVIAANSK0P FORMATION
joe 's luck form ation
■ LH 350 -  Conglomerate; aver, diameter o f clasts "1 cm, 
max. diameter "18  cm; predominantly black and white 
chert,, some red chert and quartz; well-rounded clasts; 
planar foliation o f clasts -  ellipticity aver. 2 :1 , max. 
~ 5 :1 ; no fuchsitic chert.
Conglomerate; aver, clasts size "4 mm.
Sandstone; 80+&  quartz.
Conglomerate like LH 3 5 0 .
Section: SADDLEBACK SVNCLINE 1 Ilnterva1:2095m to2195m l
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2 2 2 0  
2215  
2 2 1 0  
2205  
2 2 0 0  
2195
Thin beds “*1 cm and laminated.
Slightly more yellowish for "70  cm. 
Laminated to m assive.
Same stu ff as below.
Monotonous!
More m assive, 2 -1 0  cm beds; no obvious laminations.
Beds "1 -3  cm with laminations.
1 cm thick quartz vein.
"location o f LH 3 4 9 . Taken from outcrop just up hill.
Thicker beds aver. "10 cm but still with laminations.
Siltstone and shale; beds aver. "1 cm; red.
One bed ("3 mm) o f  chert.
Monotonous
Section: SADDLEBACK S V N n  i n f  | Interval: 2 195m to2270m
Page number23of 23 pages
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APPENDIX Id 
SECTION LH XIY - SADDLEBACK 
SYNCLINE EAST
TOP LOCATION: LAT. 25°51'48" LONG. 31°02'03" 
BOTTOM LOCATION: LAT. 25°52'15" LONG. 31°02’34"
S tratigraphic T hickness: 968 m 
Scale: 1 cm =  5  m
T his section was m easured through the w estern end o f  the Syncline at the 
Skokohla  Trigonom etric beacon, on the H eem stede, M endon, Schultzenhorst 
and Am eide Farms. The low er 216 m is through the Schoongezicht Formation.
The upper 752 m is in the Clutha A.
2 9 4









6 0 —  








1 5  
1 0
5 — 1 
0 -
l i p i i
Siltstone; 1595 limonite, 5 *  quartz; crudey. 
Large hematite cubes in an isolated spot -  Cl mm.
Beds 3 -5 0  cm.
Fine to coarse grained sandstone; 3095 quartz.
Fine to coarse grained sandstone; 3095 quartz, 595 Fe pod; 
beds 3 -1 0  cm.
Sandstone; " 2 5 *  quartz, an arkose; planar beds "1 cm.
LH 734o -  Conglomerate; aver, clasts size  "2 cm, max. 
"10 cm; 7095 black chert, 598 banded chert, 2098 plag. 
porphyry, 198 fuchsitic chert, some pyrite; massive.
CLUTHA FORMATION -  DIVISION A
SCHOONGEZICHT FORMATION
LH 734b -  Sandstone; 2098 plagioclase, "598 quartz; 
"1 cm beds
LH 7 3 4 a -  Conglomerate; plagioclase porphyry-rich.
INYOKA FAULT
Section: SADDLEBACK SYNCLINE II 1 Interval: 0 m to 95 m
Page number 1 of 10 pages. |
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1 1 0 -  
105- 
1 0 0 -  
95-
Laminated; occasional single black or fuchsitic chert pebbles. 
LH 737  -  Medium grained sandstone; "'505B quartz.
LH 756  -  Fine to medium grained sandstone; 3058 quartz; 
beds 2 -8  cm.
Beds 4 -3 0  cm.
Beds 1 -10  cm.
LH 7 3 5  -  Medium to coarse grained sandstone; 2058 quartz;
some lensing.
Beds are generally massive.
Section:SADDLEBACK SYNCLINE II 1 Interval: 95 m to 195 m
Page number 2 of 10 pages. |
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2 1 0 —
205—
200 -
Same; appears to have "1055 quartz.
Predominantly fine grained sandstone; "6055 quartz.
Fine grained sandstone with 2  mm thick lenses o f coarse 
grained sandstone.
LH 7 5 8  -  Medium grained sandstone; "6055 quartz; 
laminated.
Section:SADDLEBACK SYNCLINE II 1 lntervel:195m to 2 9 5 m  1
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LH 74Q -  Predominantly fine grained sandstone; 4095 quartz; 
beds 3 -1 0  cm; no more SYengali-like partings.
Same
LH 739 -  Fine to coarse grained sandstone; *'5095 quartz, 
1095 chert; laminated beds as at Svengali.
Section: SADDLEBACK SVNCLINE II 1 lnterval:295m to 395 m 1
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Large clasts " 3  cm; predominantly chert.
Predominantly medium to coarse grained sandstone, some 
very coarse grained sandstone; max. size 17 cm; predomi­
nantly black chert with some fuehsitic chert floating in 
matrix; laminations.
Beds "5-20 cm thick.
LH 741 -  Fine grained sandstone; laminated.
Very coarse grained sandstonelayers
Minor planar cross-bedding; definately up to north.
Isolated chert pebble.
Grit and predominantly coarse grained sandstone; some 
laminations (Svengali) and fine sandstone.
DOG LEG IN THE MEASURED SECTION











Fine to coarse grained sandstone; 60% quartz, 10% black 
chert, 30% unidentified; predominantly laminated to 10 
cm.
Section: SADDLEBACK SVNCLINE II 1 lnterval:395m to 495 m 1
Page number 5 of 10 pages. |















Fine to medium grained sandstone; 7095 quartz. 
Rare fuehsitic chert; more black chert.
Generally thin; some cross-bedded.
Beds are laminated to 15 cm; rare black chert ~2 cm pebbles.
LH 7 4 3  -  Fine to medium grained sandstone; 6098 quartz; 
laminated but not Svengali-type.
Fine to medium grained sandstone; **4098 quartz. 
Beds 2 -1 0  cm.
LH 742  -  Conglomerate; includes plagioclase porphyry-rich 
and minor fuehsitic chert clasts; <70 cm thick beds.
Section; SADDLEBACK SYNCLINE II 1 lnterval:495m to 595m 1
Page number 6 of 10 pages. |
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All cross-beds dip to v e s t .
Fine to medium grained sandstone; ~10% quartz; beds ~3- 
2 0  cm thick.
Up to north.
Generally thin or cross-bedded.
Same
Beds are laminated to 30 cm.
LH 7 4 4  -  Fine to medium grained sandstone; 6095 quartz. 
Bedding is 2 -1 0  cm.
M assive; only "298 black chert but the largest is 20  cm.
Section;SADDLEBACK SYNCL NE II 1 lnterval:595m to 695 m 1
Page number 7 of 10 pages.
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6 9 5 -
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Fine -to medium grained sandstone; 9095 quartz. 
Beds are medium thick to m assive.
LH 795 -  Medium grained sandstone (arkose); "5095 quartz, 
295 chert pebbles and cobbles, lots o f K-spar, 295 fuehsitic 
chert.
Beds 4 -7 0  cm.
595 jasper and black chert cobbles.
Conglomerate; predominantly black chert pebbles with "595 
fuehsitic and 195 jasper pebbles.
Conglomerate; black, white, and fuehsitic pebbles.
Medium grained sandstone; 6095 quartz; beds 5 -2 0  cm.
Many thin (<10 cm) layers o f eg similar to LH 7 9 4 ; occas. 
chert cobbles.
This area has repeated seq. o f "15 cm sandstone, 4  cm eg.
Medium to coarse grained sandstone; 8095 quartz, 1 % 
fuehsitic chert.
Medium to very coarse grained sandstone with " 295 chert 
pebbles and cobbles.
Conglomerate like LH 7 9 4 ; 0 -2  cm thick.
Very coarse grained sandstone.
Medium grained sandstone with rare black chert pebbles and 
cobbles: m ax. s ize  12  cm ; 7095 quartz; beds " 10 cm to 
m assive.
Same type o f conglomerate.
LH 794  -  Conglomerate; pebble size clasts of black, white, 
and fuehsitic chert; "25  cm thick, thinning to 15 cm approx 
10 m to the east; difficult to follow laterally; MARKER BED.
Section .-SADDLEBACK SYNCL NE II 1 Interva1:695m to 795m 1
Page number 8 of 10 pages.
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0 0 0 — ^
Conglomerate; pebbles o f black, while, & fuehsitic chert 
pebbles; clasts 2 -1 2  cm.
LH 796  -  Medium to Yery coarse grained sandstone; 7098 
quartz; clasts generally sub-angular.
Predominantly chert granules.
Minor SYengali-like partings.
..........................  -  Conglomerate with chert pebbles.
Pebble conglomerate; max. clast size  11 cm, pred. pebble 
size; 5098 black chert, 1598 fuehsitic chert, 1598 sand­
stone; 295 jasper, 1899 unidentifiable; 2 -2 5  cm thick.
Medium grained sandstone; 8098 quartz.
Includes fuehsitic and black chert pebbles.
20 cm black chert cobble.
Conglomerate: pebbles o f black, white, & fuehsitic chert;
bed 0 -1 0  cm thick.
Very fine grained sandstone parting.
795
Section: SADDLEBACK SVNCLINE II 1 lnterval:795m to 810m 1
Page number 9 of 10 pages. |
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Massive; weathers to appear laminated.
Cross-beds commonly 1 m high.
Beautiful cross-beds. Up is  clearly to the north.
LH 798  -  Fine to medium grained sandstone;809S quartz; 
beds ‘*'2-10 cm.
LH .79.7 -  Medium grained sandstone; " 2 -3  m thick beds with 
giant cross-sets .
Fine grained sandstone; 8053 quartz; beds 5 -2 0  cm.
Section: SADDLEBACK SVNCLINE II 1 lnterval:895m to 995 m 1
Page number 10 of 10 pages. |
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APPENDIX le  
LOMATI WATER TUNNEL 
SADDLEBACK SYNCLINE
TOP LOCATION: LAT. 25<>48'01" LONO. 31°04'22“
BOTTOM LOCATION: LAT. 25°48'38" LONG. 3 I°06'03"
S tratigraphic Thickness: -2900  m 
Scale: 1 cm = 50 m
T his colum n shows the approxim ately sam ple locations from the  Lom ati W ater 
Tunnel being built by the town o f Barberton. Samples were taken from cores 
and from tunnels leading from the East and W est Portals on 6 January 1987. 
Tunnel locations are based on paced distances from surveyed points in the 
tunnel. Core samples are projected based on a geologic longitudinal section o f 
the tunnel by T. N. Pearton and J. Keenan and provided by the town of
B a r b e r t o n .
3 0 5
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LH 880  -  Siltstone; core
LH 879  -  Amyqdaloidal lava; core
LH 881 -  Amygdaloidal lava; core
!:!
i|j| i|j|
JOE'S LUCK FORMATION 
CLUTHA "B" FORMATION
LH 871 -  Sandstone; super grunge flowing from  
the face of the tunnel.
IH .872 -Sandstone; very poorly cemented.
t
LH 8 7 3  -  Sandstone
STRATIGRAPHIC UP
LH 874  -  Sandstone
-  LH 8 7 5  -  Sandstone
-  LH 8 7 6  -  Sandstone 
Blocked off
EAST PORTAL
[section:BARBERTON WATER TUNNElT 
|Page number 1 of 2 pages. |
llnterval: 0 m to 1000 mi
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LH 8 6 9  -  Grau wacke; high quartz in matrix
FIG TREE GROUP
= f l a £ k  & fuehsitic chert: QNVER W A f.H T  FHRM ATIflN
BAVIAANSKOP FORMATION
LH 868 -  Shale to medium grained sandstone; predominantly 
medium grained; some <5mm black chert pebbles
^  STRATIGRAPHIC UP
H 866 -  Sandstone with scattered black chert pebbles <4mm






2 1 0 0 —  
2050—  
2 0 0 0 — »
NOTE: Synclinal axis "1625m
LH 877 and LH 878 from cores at 
"1600m
Section: BARBERTON WATER TUNNEL llnterval:2000 m to2950m l
Page number 2 of 2 pages. |
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APPENDIX If 
PRINCETON TUNNEL OF THE AGNES GOLD 
MINE 
MOODIES HILLS
TOP LOCATION: LAT. 25°50'00" LONG. 30°58'57"
BOTTOM LOCATION: LAT. 25o50,48,, LONG. 30°58'43"
Tunnel Distance: 2269 m 
Scale: 1 cm = 5 m
This section was m easured through the Princeton Tunnel o f  the Agnes Gold 
M ine within the O orschot and Ameide Farm s. Thicknesses are n o t corrected to 
stratigraphic thickness. The base of the section is 2269 m from the Ben
Lom ond en tran ce .
30 8
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LH 8 t4  -  Cobble conglomerate; predominantly chert clasts;  
~ 50 cm wide band within sandstone.
LH 815  -  Medium grained sandstone; quartz-bearing. 
Predominantly sandstone; max. clast 10 cm; no jasper.
Some jasper clasts; max clasts ~ 1 1 cm.
LH 816  -  Cobble conglomerate; chert and granitic cobbles.
LH 897 -  Cobble conglomerate; chert and granitic clasts;  
open matrix.
CLUTHA FORMATION -  DIVISION A
Section: PRINCETON TUNNEL llnterval: 0 m to 1 0 0  m
Page number 1 of 23 pages. | UNADJUSTED FOR S T R I K E  AND DIP
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Diabase;*A1pine Dike"
LH 913 -  Pebble conglomerate; predominantly chert and 
jasper.
Conglomerate; cobble and pebble clasts.
Sandstone; abundant quartz, rare chert pebbles; minor pyrite.
Section: PRINCETON TUNNEL 1 Interval: 100m to 200 m 1
Page number 2 of 23 pages. |
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Shale; 'MO cm thick.
LH 8 1 2  -  Sandstone v/ith rare pebble clasts.




Section: PRINCETON TUNNEL 1 lnterval:200m to 300 m 1
Page number 3 of 23 pages. |





















J-H 817 -  Sandstone; cross-bedded.
Fine grained sandstone; cross-bedded.
Section: PRINCETON TUNMFi 
jPage number 4 of 23 pages. |
I lnterval:300m to 40pm
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Fine grained sandstone and siltstone. 
LH 818 -  Fine grained sandstone
Siltstone to fine grained sandstone
Siltstone to fine grained sandstone
Section: PRINCETON TUNNFI 
|Page number 5 of 23 pages. 1
I Interva1:400m to 500 m I
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m M m .
Interbedded siltstone and sandstone.
Siltstone; rippled.
LH 819 -  Fine grained sandstone
Diabase
Section: PRINCETON TUNNEL 1 Interva1:500m to 600 m 1
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Interbedded sandstone and siltstone.
UJ-B2 Q, -  Interbedded fine grained sandstone and siltstone.
Alpine Mine connection
Interbedded sandstone and siltstone.
Section-. PRINCETON TUNNEL 
Page number 7 of 23 pages. 1
I Interva1:600m to 700 m




















7 4 5 -  
7 4 0 -
Shale to fine grained sandstone; laminated.
LH 8 5 0  -  Siltstone and jasper; carbonated and maroon.
LH 846 -  Very fine grained sandstone and siltstone; 
laminated.
Predominantly very fine grained sandstone; laminated; 
minor shale partings on top o f ripples.
Section: PRINCETON TUNNEL 1 Interva1:700m to 800m
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Siltstone and very fine grained sandstone; laminated; shale 
partings.
LH 8 4 7  -  Fine grained sandstone.
Fine grained sandstone; some laminated siltstone; thinly 
bedded; shale partings.
Interbedded sandstone and siltstone.
Durham Allan's magnetic jasper
Section: PRINCETON TUNNEL 1 lnterval:800m to 900m
Page number 9 of 23 pages. |
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 1 8
1000 - 
9 9 5 .
9 9 0 -  
9 8 5 -  
9 8 0 —1 
9 7 5  
9 7 0 —1 
9 6 5  
9 6 0  
9 5 5 — 
9 5 0 — 
9 4 5 —  
940.
9 3 5 —1 
930-  
9 2 5 .  
920-  
9 1 5 -  
9 1 0 -  
9 0 5 -  
9 0 0 -
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Siltstone; laminated, undulating; abundant shale partings.




LH B4B -  Fine grained sandstone.
Siltstone; laminated.
Diabase
Fine grained sandstone and siltstone; laminated.
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Siltstone with shale partings; thinly bedded to laminated.
Diabase
Siltstone with shale partings; thinly bedded to laminated.
Ripples; undulating bedding; some thin quartz (£5 mm) quartz veins)
Section: PRINCETON TUNNEL 1 Interva1:900m to 1000 m 1
Page number 10of 23 pages. |
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1015—  
1 0 1 0  
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Fine grained sandstone and siltstone with no jasper; 
laminated.
Fine grained sandstone with jasper; laminated. 
Siltstone with shale partings; laminated.
LH 849  -  Fine grained sandstone and siltstone; laminated.
Siltstone; laminated.
Diabase
Siltstone and very fine grained sandstone with shale partings 
laminated.
Very fine grained sandstone and siltstone; laminated.
Siltstone; laminated, undulating.
Section: PRINCETON TUNNEL I Interval:! o o o m  t o n  00  ml
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1 1 1 0 —
1 105
1 1 0 0
Very fine grained sandstone and siltstone with jasper; some 
contortion o f the beds.
Predominantly siltstone and very fine grained sandstone; 
some carbonated beds; no jasper.
—  LH 835 -  Medium grained sandstone, s iltston e, and jasper.
Magnetic jasper
Siltstone; lots o f quartz veins, pyrites.
Diabase
Siltstone and fine grained sandstone with no jasper. 
Fine grained sandstone with jasper; laminated.
Section: PRINCETON TUNNEL 1 Interval:! 100m to 1200 ml
Page number 12 of 23 pages. |
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1 2 2 0 —  
1215—  
1 2 1 0 —  
1205—  
1 2 0 0
Siltstone and fine grained sandstone; laminated; no jasper
Fine grained sandstone and siltstone with jasper; laminated; 
more contorted than layers below; less jasper.
Equivalent to the AMEIDE JASPER zone.
Very fine to fine grained sandstone; abundant jasper (<.2 cm 
thick beds); laminated; abundant quartz veins.
Fractured and quartz veins.
LH 834  -  Very fine grained sandstone
Very fine grained sandstone and siltstone with jasper bands; 
laminated; minor contortion; some carbonated zones.
Section: PRINCETON TUNNEL 1 Interval: 1200 m to 1300ml
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Siltstone with thin jasper beds (1 mm); carbonated.
Siltstone with minor, thin jasper beds (1 mm); carbonated. 
Fine grained sandstone and siltstone.
Some minor contortion o f laminations.
LH 8 3 5  -  Very fine to fine grained sandstone; laminated.
Very fine grained sandstone and siltstone; laminated; some 
contortion; abundant pyrite.
Section: PRINCETON TUNNEL llnterval: 1300 m to1400 m
Page number 14 of 23 pages. |





Fine grained sandstone and siltstone; laminated; some shale 
partings.
LH 832  -  Very fine to medium grained sandstone
Fine grained sandstone to siltstone; laminated; no jasper.
Fault
Siltstone with thin jasper beds (1 mm); carbonated.
Section: PRINCETON TUNNEL llnterval: 1400 m to1500m |
Page number 15 of 23 pages. |






















Fine grained sandstone to siltstone with shale partings; 
"6095 quartz.
Siltstone and fine grained sandstone with some shale partings 
(1 mm); laminated to 2  cm.
LH 831 -  Fine grained sandstone; laminated to 2  cm beds.
Fine grained sandstone with shale partings; laminated.
Section: PRINCETON TUNNEL 
[page number 16 of 23 pages. |
llnterval:1500 m to 1600 ml
- j
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Fine to medium grained sandstone; predominantly 6095 -  9095. 
Siltstone to fine grained sandstone with shale partings.
Fine to medium grained sandstone; predominantly 6095 -  9095.
JOE'S LUCK FORMATION
CLUTHA FORMATION -  DIVISION B
LH 830 -  Fine to medium grained sandstone; "gray wacke"; 
beds 0 .5  -  4  cm thiek.
Fine grained sandstone with abundant shale partings; "6098 
quartz.
I Section: PRINCETON TUNNEL Page number 17 of 2 3 pages. | llnterval: 1600 m to 1700ml



















1 7 1 5 -  




Very fine grained sandstone and siltstone. 
Quartz veins.
Medium to coarse grained sandstone; 90+95 quartz; some 
layers have "258 black chert granules; beds “’3 -1 5  cm.; 
some silt interbeds.
Medium to coarse grained sandstone; 90+95 quartz; beds " 3 -1 5  cm.
LH 8 2 9  -  Medium grained sandstone; 90+95 sandstone; looks 
baked.
Fine to medium grained sandstone; predominantly 6095 -  9095.
Very fine to medium grained sandstone; much quartz veining.
Section: PRINCETON TUNNEL llnterval: 1700 m to1800ml
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Very fine grained sandstone. 
Siltstone with some pyrite.
Some jasper beds. 
LH 8 2 7  -  Siltstone.
Very fine to medium grained sandstone 
Siltstone; carbonated.
Siltstone to very fine sandstone; laminated.
Jasper beds; non-magnetic. 
LH 828 -  Amygdaloidal lava
Section:PRINCETON TUNNEL llnterval: 1800 m to1900ml
Page number 19of 23 pages. |
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3 2 8
20 0 0 LH 825 -  Medium grained sandstone; "9095 quartz
1995
1990




1970 Predominantly coarse grained sandstone; "9095 quartz
1965









Fine to medium grained sandstone; "9095 quartz; some quartz 
veins.1915
1910 Siltstone; abundant pyrite
1905
1900
Section: PRINCETON TUNNEL 
[Page number20 of 23 pages.
llnterval: 1900m to2000ml
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2020 -  
2015- 
2010 -  
2005- 
2000 -
Coarse grained sandstone; abundant quartz; abundant quartz 
Yeining.
BAVIAANSKQP FORMATION
b w Iv ffS v lttttv 'S
s s g m s ^
JOE'S LUCK FORMATION
Pebble conglomerate; ayer. clast i l  cm; predominantly 
chert; strongly foliated.
LH 824  -  Coarse to granule sandstone; some pebbles; "7095 
quartz, 1595 jasper, 1095 chert.
Coarse grained sandstone; 7095 -  9096 quartz, 195 jasper, 
iron rich.
Conglomerate; predominantly chert pebbles; strongly 
foliated parallel to bedding.
LH 825 -  Coarse to granule sandstone; abundant quartz, 
"295 jasper; minor pebbles (chert).
Conglomerate; abundant chert pebbles, minor fuchsitic chert 
clasts; "9095 quartz; foliated.
Medium to coarse grained sandstone; 90+95 quartz.
Conglomerate; abundant chert pebbles.
Section; PRINCETON TUNNEL ilnterva1:2000m to 2 100ml
Page number21 of 23 pages. |
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3 3 0
2 2 0 0 -  
2195—  
2 1  g O -  
2185—  
2 IS O -  
2175—  










2 1 2 0 —  
2115—  
21 I Q -  
2105—  
2 1 0 0 -
Predominantly very fine grained sandstone
Predominantly very fine grained sandstone
IH 822  -  Medium grained sandstone; abundant quartz.
Predominantly medium grained sandstone.
Very fine grained sandstone.
Abundant quartz veins.
Medium to coarse grained sandstone.
Coarse grained sandstone; "9095 quartz; "158 chert pebble 
(<1 cm).
Section: PRINCETON TUNNEL llnterval: 2100m to 2200ml
Page number22 of 23 pages. |










2 2  1 5 —
2 2 1 0 —
2200
Ben Lomond Entrance
! v ! v ! v ! , ., v ! , ! , X v ! , ! |
Predominantly very fine grained sandstone; some siltstone; 
minor py rite; laminated.
LH 821 -  Medium grained sandstone to siltstone.
Predominantly very fine grained sandstone
Section: PRINCETON TUNNEL llnterval: 2200m to2270m |
Page number 2 3 of 23 pages. |
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APPENDIX lg  
22nd LEVEL ADIT OF THE 
AGNES GOLD MINE 
MOODIES HILLS
TOP LOCATION: LAT. 25°49'27” LONG. 31°01T7" 
BOTTOM LOCATION: LAT. 25o50'17" LONG. 31°00'11"
Tunnel Distance: 1717 m 
Scale: 1 cm = 50 m
This section shows the location of samples from the 22nd Level Adit o f the 
Agnes Gold Mine within the Oorschot and Ameide Farms. Thicknesses are no t 
corrected  to stratigraphic thickness. Sam ples were taken at 100 m intervals. 
The base o f the section starts at the W oodbine Reef at the W oodbine Shaft.
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LH 778 -  Shale
ULZZZ-Shale 
LH 776 -  Siltstone
LH 775 -  Diabase
LH 7 7 4  -  Fine to medium grained sandstone
LH 7 7 5  -  Siltstone to fine grained sandstone
LH 772  -  Siltstone
LH 771 -  Siltstone
LH 770  -  Siltstone
Lots o f quartz veining
LH 769 -  Siltstone and sandstone
Ameide Jasper
LH 768 -  Sandstone with jasper 
Shearing parallel to bedding 
Minor jasper
LH 767  -  S ilts to n e
WOODBINE REEF
Section: 22ND LEVEL ADIT (interval: 0 m to 1000 ml
Page number 1 of 2 pages. UNADJUSTED FOR STRIKE AND DIP
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H i! Hii !!!•:
LH 855 -  Very fine grained sandstone to shale; 
laminated
LH 854 -  Fine grained sandstone to siltstone; 
laminated and thin beds
LH 8 5 3 -  Siltstone
LH 782 -  Siltstone
LH 781 -  Siltstone
LH 78Q -  Siltstone
-------------FAULT (?)
-  LH 779 -  Shale
Section: 22ND LEVEL ADIT [interval: 1000 m to 1800 m
Page number 2 of 2 pages. UNADJUSTED FOR STRIKE AND DIP
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APPENDIX Ih 
SECTION XIII - DEVIL'S STAIRCASE 
MOODIES HILLS
TOP LOCATION: LAT. 25°49T3" LONG. 31°0r09" 
BOTTOM LOCATION: LAT. 25°50'48" LONG.3I«00'37"
S tratigraphic D istance: 1926 m 
Scale: 1 cm = 5 m
This section was measured along the east side o f the D evil's Staircase Road on 
the Brom m ers, Oorschot and Ameide Farms. The base o f  the section is at the 
Ameide Fault and the top is at the M oodies Fault.
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1 5 — | 
10-  
5 -  
0 -  
- 5 -
Beds * 2 -1 0  cm thick.
Some shale partings “2  cm thick; brownish. 
Medium grained sandstone; poorlg cemented.
Bedding * 2 -1 0  cm.
Average bed thickness "I mm to 4 cm.
Interbedded sandstone and gray shale (possibly tuff); like 
LH 4 9 0 ; shale partings usually 1 -4  mm thick; thickest 
sandstone lenses 4 cm; no scouring noted but some pinch 
and sw ell o f beds; still looks smeared.
Fine to medium grained sandstone.
Fine to medium grained sandstone; *609? quartz; still looks 
smeared.
LH 4 9 0  -  Medium grained sandstone interbedded with shale; 
*60  9? quartz; some Fe-rich beds.
Shale-size, smeared grains; looks similar to LH 4 6 1 .





Section:XIII -  DEVIL'S STAIRCASE 1 Interval: 0 m to 95 m
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1 I Q -
105—
100-
Ripples; some beds look like oscillation ripples. 
Wavy laminations
Ripples -  Up to north.
Large cro ss-se ts  ('*'60 cm amplitude).
Medium grained sandstone; laminated.
2 -1 0  cm thick beds.
LH 4 9 2  -  Medium to coarse grained sandstone; ”5095 quartz;
prominent outcrops.
”4 -1 0  cm thick beds of sandstone.
Medium grained sandstone; laminated; Yery grungy with 
quartz vein riddling.
” 2 -1 0  cm thick beds; very grungy sand beds. 
Beds ” 1-3  cm.
CLUTHA FORMATION -  DIVISION B
CLUTHA FORMATION -  DIVISION A
Beds are 2 -1 5  cm.
LH 491 -  Medium grained sandstone with pebbles and cobbles; 
largest clast ” 5 cm (jasper); clasts are jasper and black 
and fuchsitic chert; up is  to north both by cross-beds and 
impression on lower beds by clasts at base of bed. No scour.
Conglomerate; max. clast size ” 9 cm; matrix -  medium to 
coarse grained; clasts are predominantly black and white 
chert with minor fuchsitic chert, clasts are elongated; 
bed is  ” 15 cm wide; rocks look Yery leached.
Predominantly medium grained sandstone; poorly cemented.
Section: XIII -  DEVIL’S STAIRCASE 1 Interval: 95 m to 195 m 1
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2 1 5 -  
2 1 0 — 1  
205- 





Light colored but only "595 visible quartz.
Laminated sand.
LH 495  -  Medium grained sandstone; "5095 quartz.
LH 494 -  Medium grained sandstone; <1095 quartz; quite 
weathered.
Beds " 1-3  cm.
Fine grained sandstone; 1095 quartz, smeared-looking.
Medium grained sandstone; "595 visible quartz.
Medium beds.
1 -2  cm thick beds.
Very grungy.
LH 4 9 3  -  Medium grained sandstone; “ 4095 quartz. 
Quartz vein.
Medium grained sandstone; beds " 4 -8  cm thick; red.
Fine and very fine grained sandstone.
Section: XIII -  DEVIL'S STAIRCASE 1 Interval: 195 m to 295 m 1
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Siltstone and fine grained sandstone; beds 1 -2 5  cm thick.
Fine grained sandstone; '*'3098 quartz.
Medium grained sandstone; 6095 quartz.
Fine to medium grained sandstone; "5095 visible quartz.
Low quartz.
Fine to medium grained sandstone; "8098 quartz. 





LH 4 9 6  -  Medium grained sandstone; "7098 quartz.
Medium grained sandstone; 7098 quartz; 1 -5  cm beds. 
Medium grained sandstone; "4098 quartz; weathered.
Fine to medium grained sandstone; low quartz; beds 1-4  cm.
Siltstone; beds 1 -5  cm.
Siltstone and shale; rare quartz ("298); one grain looked 
like beta-quartz.
Low quartz.
Very coarse grained sandstone; "598 visible quartz, "798 
specks of green -  chlorite or fuchsitic chert; "20 cm wide. 
Medium grained sandstone; low quartz content.
7 0 *  quartz content
Section; XIII -  DEVIL/S STAIRCASE 1 lnterval:295m to 395 m 1
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* 3 0 »  quartz; grungy.
Fine grained sandstone 




Medium grained sandstone; 7095 quartz.
Fine to medium grained sandstone; *40-5095 quartz.
*5095 quartz.
Fine to medium grained sandstone; 5-3095 quartz. 
Medium to coarse grained sandstone; 4096 quartz.
Fine to medium grained sandstone; *10 quartz.
Medium grained sandstone; *5095 quartz.
1 -3  cm thick beds.
Fine grained sandstone.
LH 4 98  -  Grungy sample o f siltstone.
Fine grained sandstone; low quartz.
Medium grained sandstone; 5095 quartz.
Fine grained sandstone; low quartz.
LH 497  -  Medium grained sandstone; 8095 quartz.
Fine grained sandstone; * 15  to 2095 quartz.
Section: XIII -  DEVIL'S STAIRCASE 1 lnterval:395m to 495 m 1
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Fin* grained sandstone; "509? quartz.
Fine grained sandstone; *4098 quartz; 1-4 cm thick beds.
Diabase
Fine grained sandstone; beds " 2 -3  cm.
Laminated to 2 cm.
Same as LH 5 0 1 .
Fine to medium grained sandstone; 6055 quartz.
Medium grained sandstone; <1095 quartz, Fe-rich; grungy.
Cross-beds are again up to the north; quartz veins are 
subhorizontal.
Quartz veins
LH 5Q1 -  Fine to medium grained sandstone; "3055 quartz; 
Cross-beds seem to indicate up to south (only place seen).
Section: XIII -  DEVIL’S STAIRCASE 
|Page number 6 of 20 pages. |
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Shale; laminated.
Siltstone; laminated.
Very fine grained sandstone; Fe-rieh but not jasper; thin 
1 -2  cm wide beds o f chert.
Jasper layers.
Siltstone and sandstone, interbedded; laminated.
Very fine to fine grained sandstone.
Section: Xill -  DEVIL'S STAIRCASE I lnterval:595m to 695 m
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Predominancy fine grained sandstone with some Yery fine
grained sandstone.
Silt size grains may be result o f veathering; fine grain & 
low quartz.




Section; XIII -  DEVIL'S STAIRCASE 1 lnterval:695m to 795m 1
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Up to the north. Most foresets are northeast-southwest. A 
few  are reverse.
LH 6 0 4  -  Medium to coarse grained sandstone.
Fine grained sandstone; laminated.
Very fine to fine grained sandstone; 95 black chert pebbles; 
laminated.
Predominantly fine grained sandstone; 90+95 quartz.
JOE'S LUCK FORMATION
Medium grained sandstone; 





8 1 5 -




Siltstone and fine grained sandstone. CUJTHA ® FORMATION
Medium grained sandstone; '*'8095 quartz; ayer, bed thickness 
~1 cm.




Siltstone and fine to medium grained sandstone.
LH 621 -  Medium grained sandstone; 8095 quartz., <195 
black chert pebbles.
Predominantly fine grained sandstone; laminated.
Section: XIII -  DEVIL'S STAIRCASE 1 lnterval:795m to 8 1 0 m 1
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Medium grained sandstone; bedding 0 .5  cm to "13  cm 
thick.
LH 605  -  Remanent of rocks that are extrem ely weathered 
and fine grained (no grains visible). Full o f odd-shaped, 
elongate holes. Presumed to be the amygdaloidal basalt.
Layers o f jasper
Medium grained sandstone; "9095 quartz; beds " 6 -1 5  cm 
thick; rippled.
Massive quartz
Medium to coarse grained sandstone; "9095 quartz.
Section: XIII -  DEVILS STAIRCASE 1 lnterval:895m to 995 m 1
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Medium grained sandstone; "1 % black chert granules.
Medium grained sandstone; quartz-rich.
Medium grained sandstone; argillaceous.
Fine to medium grained sandstone; predominantly laminated.
Siltstone; quartz-bearing.
Siltstone and fine grained sandstone; ferruginous and 
quartz-rich.
Siltstone to very fine sandstone with interbedded jasper beds; 
-2  cm thick beds.
Section; XIII -  DEVIL'S STAIRCASE 1 1 nterval: 995m to 1095 m
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Cross beds up to north; herringbone. 
Medium to coarse grained sandstone.
Medium to coarse grained sandstone; abundant quartz/“55B 
black chert granules and pebbles.
Medium grained sandstone.
LH 602  -  Medium grained sandstone with ‘*'195 black chert 
pebbles and granules; abundant quartz.
Section: XIII -  DEVIL'S STAIRCASE (interval: 1095m to 1 195m
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1 2 2 0 —  
1 2 1 5 —  
1 2 1 0 —  
1205—  
1 2 0 0 —  
1195
Very fine to fine grained sandstone.
Coarse grained sandstone; '*'9058 quartz.
IH 6Q1 -  Medium to coarse grained sandstone; 8555 quartz.
Predominantly medium grained with some coarse grained 
sandstone; 90+98 quartz.
Section: XIII -  DEVIL’S STAIRCASE 1 Interval: 1 195 m to 1295m
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- z n LH 600 -  Medium to coarse grained sandstone; highest of 
the quartz-rich lagers.
BAVIAANSKOP FORMATION________ _
\  JOE’S LUCK FORMAT ION
v Pebble conglomerate; aver, clasts size "'3-4 cm , max. 17 cm;
predominantly chert pebbles; clast elongated parallel bedding. 
Aver, cobble size "12 cm: max i2 0 -2 5  cm: veru platu: 
graded bed.
» \
Very fine grained sandstone.
Fine grained sandstone
Fine grained sandstone
Section: XIII -  DEVIL’S STAIRCASE Ilnterval: 1295 m to 1395ml
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LH 598  -  Predominantly fine grained sandstone; abundant 
quartz but predomin. greywacke; partings aver. 1 -2  cm. 
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Siltstone and shale
Very fine grained sandstone 
One, thin jasper band.
Siltstone and shale.
LH 599 -  Siltstone and shale; "555 quartz, ferruginous. 
Shale and siltstone
Section: XIII -  DEVIL'S STAIRCASE llntervel: 1395 m to l495 m
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- 4
















Fine and medium grained sandstone.
Siltstone and veru fine qrained sandstone; quartz. 
Sandstone; cross-beds
Fine grained sandstone.
Very fine to fine grained sandstone.
Section: XIII -  DEVIL’S STAIRCASE |lnterval:1495 m to 1595 ml
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Very fine and medium grained sandstone; argillaceous; 
"5058 quartz.
Siltstone and yery fine grained sandstone.
LH-5SZ- Fine to medium grained sandstone; "5058 quartz.
Medium grained sandstone with some fine grained sandstone; 
"7098 quartz.
Medium grained sandstone
Fine to medium grained sandstone; 1 -10  cm partings but 
probably laminated; smeared.
Very fine to medium grained sandstone
Siltstone
Section: XIII -  DEVIL’S STAIRCASE 
Page number 17 of 20 pages.
Ilnterval: 1595 m to1695ml
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1795-




















Fine to medium grained sandstone; probably still laminated.
Fine grained sandstone; laminated.
Dog leg in measured section
Fine to medium grained sandstone; laminated.
Laminated sandstone.
Fine grained sandstone; quartz present; laminated.
Very fine grained sandstone; laminated.
Section: XIII -  DEVIL’S STAIRCASE llnterval: 1695 m to 1795 ml
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Siltstone; "I 58 quartz, carbonate-rich, ehloritic-Tooking; 
smeared-looking.
LH 5 9 5 -S iltston e
Siltstone; " 1 0 ^  visible quartz; less  chloritic-looking, less  
carbonate-looking but still carbonated.
Very fine grained sandstone.
Predominantly fine grained sandstone; "5058 quartz.
LH 596 -  Medium grained sandstone; thickest beds "10 cm 
(rare), partings aver."1 -2  cm , probably laminated in 
fresh section; very carbonated, abundant quartz Yeining.
Sheared appearing throughout the section; chloritic-looking 
here.
Section: XIII -  DEVIL’S STAIRCASE llnterval: 1795 m to1895ml
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1905—
1900—
Black chert (Onverwacht Group)
BAVIAANSKOP FORMATION •MOODIES FAULT
LH 5 9 4  -  Probably a tectonite; foliated, sheared; carbonate- 
rich ; shot through with quartz.
Section: XIII -  DEVIL'S STAIRCASE llnterval: 1895m to1926m|
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APPENDIX 2 
PETROGRAPHIC POINT COUNT DATA
3 5 6
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APPENDIX 2a 
POINT COUNT DATA 
POWERLINE ROAD SYNCLINE
3 5 7


























LH 731 Clutha A 398 300 222 54
730 Clutha A 422 300 236 34
729 Clutha A 334 301 205 28
727 Clutha A 342 302 69 67
726 Clutha A 357 300 137 64
725 Clutha A 367 302 41 38
724 Clutha A 415 300 87 72
723 Clutha A 351 301 69 44
722 Clutha A 443 300 89 88
721 Clutha A 382 300 178 72
720 Clutha A 361 301 151 65
552 Clutha A 300 31 31 0
551 Clutha A 405 297 173 97
550 Clutha A 300 40 40 0
549 Clutha A 300 20 20 0
548 Clutha A 300 11 11 0
547 Clutha A 300 54 10 0
546 Clutha A 300 17 17 0
545 Clutha A 300 9 9 0
544 Clutha A 300 12 12 0
543 Clutha A 300 17 17 0
541 Schoongezicht 300 11 11 0
540 Schoongezicht 300 5 5 0
539 Schoongezicht 300 0 0 0
538 Schoongezicht 300 0 0 0
531 Schoongezicht 300 2 2 0
530 Schoongezicht 300 4 4 0
536 Schoongezicht 300 1 1 0
535 Schoongezicht 300 0 0 0
533 Schoongezicht 300 3 3 0
532 Schoongezicht 300 26 26 0
i
TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL
Q P K F-spar L (L 3+L v) Lt
276 1 6 7 17 71
270 0 5 5 25 59
233 0 7 7 61 89
136 0 9 9 155 222
201 0 3 3 95 159
79 0 2 2 212 250
159 0 1 1 140 212
113 0 4 4 181 225
177 0 1 1 122 210
250 0 1 1 48 120
216 0 8 8 74 139
31 0 0 0 0 0
270 0 1 1 26 123
40 0 0 0 0 0
20 0 0 0 0 0
11 0 0 0 0 0
10 0 0 0 44 44
17 0 0 0 0 0
9 0 0 0 0 0
12 0 0 0 0 0
17 0 0 0 0 0
11 0 0 0 0 0
5 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 0 0 0 0 0
4 0 0 0 0 0
1 0 0 0 0 0
0 0 0 0 0 0
3 0 0 0 0 0




















MAID OF THE MIST
Sample # FM. TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL
COUNT GRAINS Qm Qp Q P K F-spar L(Ls+Lv)
























Sample #Q + F + L %Q %F
LH 731 300 92 2.3
730 300 90 1.7
729 301 77.4 2.3
727 300 45.3 3
726 299 67.2 1.0
725 293 27.0 0.7
724 300 53 0.3
723 298 37.9 1.3
722 300 59 0.3
721 299 83.6 0.3
720 298 72.5 2.7
552 31 100 0
551 297 90.9 0.3
550 40 100 0
549 20 100 0
548 11 100 0
547 54 18.5 0
546 17 100 0
545 9 100 0
544 12 100 0
543 17 100 0
541 11 100 0
540 5 100 0
539 0 N.A. N.A.
538 0 N.A. N.A.
531 2 100 0
530 4 100 0
536 1 100 0
535 0 N.A. N.A.
533 3 100 0

































%Qm % Lt %Qp %Matrix Mean qtz. VE
0
74 23.7 76.1 24.6 0.31 55.8
78.7 19.7 57.6 28.9 0.31 55.9
68.1 29.6 31.5 9.3 0.38 61.4
23 74 30.2 11.7 0.33 20.2
45.8 53.2 40.3 16.0 0.37 38.4
14.0 85.3 15.2 17.7 0.2 11.2
29 70.7 34.0 27.0 0.4 21.0
23.2 75.5 19.6 14.2 0.37 19.7
29.7 70 41.9 32.3 0.22 20.1
59.5 40.1 60 14.14 0.33 46.6
50.7 46.6 46.8 16.6 41.8
100 0 0 0.4 10.3
58.2 41.4 78.9 26.7 0.43 42.7
100 0 O 0.4 13.3
100 0 0 0.5 6.7
100 0 0 0.3 3.7
18.5 81.5 0 0.5 3.3
100 0 0 0.3 5.7
100 0 0 0.5 3
100 0 0 0.2 4
100 0 0 0.2 5.7
100 0 0 0.3 3.7
100 0 0 0.04 1.7
N.A. N.A. N.A. N.A. N.A. N.A.
N.A. N.A. N.A. N.A. N.A. N.A.
100 0 0 0.09 0.7
100 0 0 0.8 1.3
100 0 0 0.5 0.3
N.A. N.A. N.A. N.A. N.A. N.A.
100 0 0 0.06 1




































































































Sample # Mean New %Qm New %F New 1
gr. alzo (Calculation* with matrix i
LH 731 0.29 55 .8 1.8 42 .5
730 0.33 55 .9 1.2 42 .9
729 0.38 6 1 .7 2.1 36.1
727 0.57 20 .2 2 .6 76 .6
726 0.38 38 .4 0.8 60.5
725 0.49 11.2 0.5 85 .8
724 0.69 21.1 0.2 78.6
723 0.49 19.7 1.1 78.3
722 0.31 20.1 0 .2 79 .7
721 0.35 50.3 0.3 49 .2
720 41.8 2 .2 55.1
552 10.3 0 0
551 0.47 42.7 0 .2 5 7 .0
550 13.3 0 0
549 6.7 0 0
548 3.7 0 0
547 3.3 0 14.7
546 5 .7 0 0
545 3 0 0
544 4 0 0
543 5.7 0 0
541 3.7 0 0
540 1.7 0 0
539 N.A. N.A. N.A.
538 N.A. N.A. N.A.
531 0.6 0 0
530 1.3 0 0
536 0.3 0 0
535 N.A. N.A. N.A.
533 1 0 0
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APPENDIX 2b 
POINT COUNT DATA 
SADDLEBACK SYNCLINE
364


















Sampla # FM. TOTAL TOTAL TOTAL TOTAL
COUNT GRAINS Qm Op
MYSTERY VALLEY - SECTION XIV
798 Clutha A 299 299 246 16
796 Clutha A 310 301 212 34
794 Clutha A 376 300 161 45
744 Clutha A 334 3 09 203 3 6
743 Clutha A 319 299 180 53
742 Clutha A 3 2 9 298 97 107
741 Clutha A 410 300 124 46
740 Clutha A 495 299 189 51
739 Clutha A 398 300 187 38
738 Clutha A 514 305 172 64
737 Clutha A 321 106 74 13
736 Clutha A 3 00 100 83 0
735 Clutha A 303 100 66 25
734C Clutha A 3 00 35 35 0
734B Schoongezicht 3 00 112 50 28
ORIGINAL TRAVERSE • SECTION XII
349 Baviaanskop 300 201 111 25
351 Joe's Luck 336 299 235 61
353 Joe's Luck 363 300 70 136
366 Joe's Luck 329 301 258 29
367 Joe's Luck 399 299 219 48
614 Clutha B 325 304 193 40
615 Clutha B 315 301 178 25
616 Clutha B 360 300 152 29
617 Clutha A 3 5 3 300 268 16
618 Clutha A 3 5 6 307 198 33
619 Clutha A 4 1 7 302 157 46
TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL
0 P K F*spar L(Ls+Lv) Lt
26  2 0 19 19 18 34
246 0 39 39 15 4 9
206 0 58 58 36 81
239 0 41 41 19 55
233 0 40 40 25 78
204 0 10 10 83 190
170 0 34 34 96 142
2 4 0 0 3 6 36 23 74
225 0 3 2 32 41 79
236 0 17 17 43 107
8 7 0 9 9 5 18
8 3 0 17 17 0 0
91 0 4 4 5 30
3 5 0 0 0 0 0
78 13 1 14 17 45
136 9 3 0 39 25 50
296 0 0 0 3 64
206 0 21 21 70 206
287 0 0 0 12 41
267 2 4 6 26 74
23 3 0 33 33 36 76
203 0 84 84 12 37
181 1 94 95 24 53
284 0 3 3 13 2 9
231 0 8 8 62 95
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Sample #Q + F + L %Q %F
MYSTERY VALLEY - SECTION XIV
798 299  87 .6  6.4
796 300  8 2  13.0
794 300  68 .7  1 9.3
744 299  79 .9  13.7
743 2 98 78 .2  1 3.4
742 2 97 68 .7  3 .4
741 300  56 .7  11.3
740 299  80 .3  12.0
739 2 9 8 75.5  1 0.7
738 296  79 .7  5.7
737 1 01 86.1 8.9
736 1 00 ------ ------
735 100 91 .0  4 .0
734C 3 5  100 0
734B 109 71 .6  12.8
ORIGINAL TRAVERSE - SECTION XII
349 200  68 .0  1 9.5
351 299  99 .0  o
353 2 9 7 69.4 7.1
366 299  96 .0  0
367 2 9 9 8 9.3  2.1
614 302  77 .2  10.9
615 299  67 .9  28.1
616 300  60 .3  31 .7
617 3 0 0  94 .7  1.0
618 301 76 .7  2.7



























%Qm %Lt %Qp %Matrlx Mean qtz. %Qm o
82.3 11.4 47.1 0 0 .45 82.3
70.7 16.3 69.4 2.9 0 .40 68.4
53.7 27.0 55.6 19.7 0 .56 42.8
67 .9 18.4 65.5 7.5 0.31 60.8
60.4 26 .2 67.9 6.23 0 .45 56.4
32 .7 64 .0 56 .3 8 .5 0 .57 2 9 .5
41 .3 47 .3 32 .4 26 .8 0 .26 3 0 .2
63 .2 24.7 68 .9 39.6 0 .26 3 8 .2
62.8 26 .5 48.1 24.4 0.30 47 .0
58.1 36.1 59 .8 35.4 0 .3 6 33 .5
73 .3 17.8 72.2 67.0 0 .3 8 23.1
----- ----- ----- ----- 0 .3 0 27 .7
66.0 30 .0 83 .3 67.0 0 .18 21.8
100 0 ----- 0 1.00 11.7
45 .9 41 .3 62.2 62.7 0 .3 0 16.7
55.5 25 .0 50 .0 29.3 0 .3 0 37 .0
78.6 21 .4 95 .3 9.5 0 .65 69.9
23.6 69 .4 66 .0 17.1 0 .4 5 19.3
86.3 13.7 70.7 8.5 0 .5 0 78 .4
73.3 24 .8 64 .9 25.1 0 .40 54 .9
63.9 25 .2 52 .6 6.5 0 .40 59 .4
59 .5 12.4 67 .6 4.4 . . . 56 .5
50 .7 17.7 54 .7 16.7 ---- 42 .2
8 9 .3 9.7 5 5 .2 15.0 0.50 75.9
65.8 3 1 .6 3 4 .7 13.8 0.43 55.6
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Sample #  Mean New %Qm New %F New %Lt
gr. size (Calculations with matrix as Lt) 
MYSTERY VALLEY - SECTION XIV
798 0.45 82 .3 6.4 11.4
796 0.4 68 .4 12.6 18.76
794 0.56 48 .6 17.5 33.8
744 0.32 60 .8 12.3 24.0
743 0.43 56 .4 12.5 30.7
742 0.78 29 .8 3.1 66.9
741 0.31 3 0 .2 8 .3 61.5
740 0.26 4 0 .6 7.7 51.6
739 0.31 47 .9 8 .2 43.3
738 0.36 35 .5 3 .5 59.2
737 0.38 23.1 2.8 72.6
736 27.7 5.7 0
735 21.8 1.3 76.9
734C 11.7 0 0
734B 16.7 4.7 77.7
ORIGINAL TRAVERSE • SECTION XII
349 43 .0 15.1 41.5
351 0.67 71.0 0 29.0
353 0.5 19.3 5.8 74 .0
366 0.5 78.4 0 21.0
367 0.37 54 .9 1.5 43 .6
614 0.4 59 .4 10.2 29.8
615 56.5 26 .7 16.2
616 42 .3 26 .5 31.2
617 0.5 75 .9 0.8 23 .2
618 0.45 57 .6 2.3 38.4























1  SADDLEBACK SYNCLINE
co Sample #  Mean New %Qm New %F New %Lt
3  gr. size (Calculations with matrix a s  Lt)
WEST END OF THE SADDLEBACK SYNCLINE
206 0.63 61.3 0 38 .7
3 70 54.7 1.6 43 .5
611 38.7 27.0 34.3
BARBERTON WATER TUNNEL
868 0.56 51.6 9.1 39 .4
866 0.61 57.5 1.4 40 .9
867 0.75 36.5 3 .7 59.8
871 0.41 46.4 15.3 37 .8
872 56.3 10.6 32.0




POINT COUNT DATA 
MOODIES HILLS
3 7 1


















Sample *  FM. TOTAL TOTAL TOTAL TOTAL
COUNT GRAINS Qm Qp
PRINCETON TUNNEL
LH 821 Baviaanskop 328 297 162 100
822 Baviaanskop 309 307 209 51
824 Joe's Luck 324 299 215 77
823 Joe's Luck 332 308 216 71
825 Joe's Luck 339 324 276 32
826 Joe's Luck 321 304 214 77
829 Joe's Luck 311 300 255 45
831 Clutha B 342 302 205 39
813 Clutha A 363 301 159 51
814 Clutha A 337 302 127 61
815 Clutha A 357 306 110 92
816 Clutha A 353 305 151 75
897 Clutha A 328 300 112 55
SURFACE NEAR AGNES MINE
836 Clutha A 335 327 113 63
513 Clutha B 343 301 202 21
514 Clutha B 369 300 168 19
22ND LEVEL ADIT
774 Joe's Luck 306 301 255 37
773 Joe's Luck 376 310 199 39
I
TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL
Q P K F-apar L (L s+L v) Lt
2 6 2 1 14 15 1 9 119
2 6 0 6 1 7 23 19 70
2 9 2 0 2 2 5 8 2
2 8 7 0 2 2 19 90
308 0 0 0 16 48
291 0 2 2 1 1 8 8
3 0 0 0 0 0 0 4 5
244 13 21 34 2 2 61
210 5 5 10 79 130
188 9 45 54 60 121
202 4 48 52 4 5 137
226 13 33 46 27 102
167 0 44 44 86 141
176 16 73 89 44 107
2 2 3 4 3 9 43 3 2 53
187 0 4 6 46 63 82
292 1 1 2 7 44



















Sample #  FM. TOTAL TOTAL TOTAL TOTAL
COUNT GRAINS Qm Qp
DEVIL'S STAIRCASE • SECTION XIII
596 Baviaanskop 399 298 113 138
597 Baviaanskop 352 300 91 1 2 0
600 Baviaanskop 319 300 196 54
601 Joe's Luck 304 301 252 35
602 Joe's Luck 332 301 224 40
604 Joe's Luck 329 300 240 45
621 Clutha B 355 304 184 32
501 Clutha B 454 301 132 34
497 Clutha B 366 301 134 27
496 Clutha B 399 301 168 24
495 Clutha B 407 303 115 39
493 Clutha B 357 299 146 19
492 Clutha B 369 307 132 31
257 Clutha B 322 300 143 23
152 Joe's Luck 312 300 247 43
788 Joe's Luck 306 300 252 46
151 Joe's Luck 332 300 268 2 0
150 Joe's Luck 333 300 203 32
149 Joe's Luck 316 300 227 47
793 Joe's Luck top 315 294 137 105




21 1 2 50






161 15 1 1 0
192 3 93
154 6 1 1 0




















































Sample # 0  + F + L %Q %F
PRINCETON TUNNEL
LH 821 296 88.5 5.1
822 302 8 6 .1 7.6
824 299 97.7 0.7
823 308 93.2 0 .6
825 324 95.1 0
826 304 95.7 0.7
829 300 1 0 0 0
831 300 81.3 11.3
813 299 70.2 3.3
814 302 62.3 17.9
815 299 67.6 17.4
816 299 75.6 15.4
897 297 56.2 14.8
SURFACE NEAR AGNES MINE
836 309 57.0 28.8
513 298 74.8 14.4
514 296 63.2 15.5
22ND LEVEL ADIT
774 301 97.0 0.7




















%Qm %Lt %Qp %Matrlx Mean qtz. %Qm
54.7 40.2 84.0 16.0 0.25 49.4
69.2 23.2 72.9 0 0.50 67.6
71.9 27.4 93.9 6.5 0.50 66.4
70.1 29.2 78.9 1 .8 0.40 65.1
85.2 14.8 66.7 1 .2 0.55 81.4
70.4 28.9 87.5 3.1 0.60 66.7
85.0 15.0 1 0 0 0 0.50 82.0
68.3 20.3 63.9 4.4 0.30 59.9
53.2 43.5 39.2 12.7 — 43.8
42.1 40.1 50.4 6 . 2 0.30 37.7
36.8 45.8 67.2 9.5 0.45 30.8
50.5 34.1 73.5 4.5 0.30 42.8
37.7 47.5 39.0 6.4 . . . 34.1
36.6 34.6 58.9 2.4 0.40 33.7
67.8 17.8 39.6 1 2 .2 — 58.9
56.8 27.7 23.2 18.7 — 45.5
84.7 14.6 84.1 1 .6 0.70 83.3




















Sample #Q + F + L %Q %F %L
DEVIL'S STAIRCASE • SECTION XIII
596 298 84.2 3.0 1 2 .8
597 298 70.8 17.4 11.7
600 300 83.3 8 .0 8.7
601 300 95.7 1.3 3.0
602 300 8 8 . 0 7.7 4.3
604 300 95.0 1 .0 4.0
621 298 72.5 23.2 4.4
501 298 55.7 29.5 14.8
497 296 54.4 42.2 3.4
496 300 64.0 32.0 4.0
495 303 50.8 38.3 10.9
493 296 55.7 23.3 20.9
492 305 53.4 28.5 18.0
257 299 55.5 28.1 16.4
152 300 96.7 0 3.3
788 300 99.3 0 0.7
151 299 96.3 1 .0 2.7
150 299 78.6 17.7 3.7
149 299 91.6 6 .0 2.3
793 294 82.3 6.1 1 1 .6
684 299 70.6 27.4 2 . 0






















atrix Mean qtz. %Qm of
23.1 • • . 28.3
8 .8 ---- 25.9
2 . 2 0.35 61.4
0.3 0.70 82.9
6 .0 0.36 67.5
8 . 8 0.69 72.9
9.0 0.49 51.8






2 .2 ---- 44.4




























M ean New %Qm New %F New
gr. size (Calculations with matrix as  LI
PRINCETON TUNNEL
LH 821 0.25 54.2 5.0 40.5
822 0.50 68.1 7.5 2 2 .8
824 0.70 67.2 0.62 32.2
823 0.50 6 8 .8 0.6 30.6
825 0.55 84.1 0 15.9
826 0.70 6 8 .2 0.6 31.2
829 0.50 85.0 0 15.0
831 0.30 64.7 10.7 24.0
813 — 45.8 2.9 50.7
814 0.35 39.3 16.7 44.0
815 0.60 32.4 15.3 50.3
816 0.30 47.0 14.3 36.8
897 — 34.9 13.7 50.5
SURFACE NEAR AGNES MINE 
836 0.4 33.7 26.6 34.3
513 — 59.1 12.56 27.5
514 — 45.9 1 2 .6 40.4
22ND LEVEL ADIT
774 0.70 83.3 0.7 16.0



















S am ple #  M ean New %Qm New %F New %Lt
9 r- * l»  (Calculations with matrix as  Lt)
DEVIL'S STAIRCASE - SECTION Xlll
5 9 6  31.0 2.5 66.5
5 9 7  0.21 27.5 15.7 56.2
600 0.31 63.8 7.8 28.3
601  0 7 5  83.4 1.3 14.9
602 0.34 69.8 7.2 22.7
604 0.65 76.4 1.0 22 6
621 0.34 57.0 21.4 19 8
5 0 1  0-22 32.4 21.6 45.2
4 9 7  0.29 38.1 35.5 25.0
496 0.35 51.2 29.3 19 2
4 9 5  0.28 32.5 32.8 34^7
4 9 3  42.2 19.9 37.0
492 - - -  40.0 26.4 33.0
2 5 7  0 -4 6  46.6 27.4 25.7
152 0.82 81.0 0 ig 'o
788 . . .  82.6 0  17*4
151 0.50 86.7 1.0 12*0
150 0.38 61.0 15.9 22.8
149 —  71.8 5.7  22.2
7 9 3  - - -  45.7 6.0 48.3
6 8 4  ° -1 4  58.7 23.8 16.9
377
APPENDIX 3 
ELABORATION OF POINT COUNT 
PROCEDURES
3 7 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
379
DEFINITION OF FF1AMEWORK GRAINS 
Qm = monocrystalline quartz grains
Qp = polycrystalline quartzose lithic fragments (varieties of chert and fine-grained 
aggregates of chert-sericite that comprise >90% chert by volume)
Q= Qm  + Qp
F = monocrystalline feldspar grains (plagioclase + potassium feldspar)
L = unstable polycrystalline lithic fragments of volcanic, metavolcanic, sedimentary, 
and metasedimentary types. L is limited to microcrystalline aphanitic materials 
containing no crystals larger than the matrix limit (0.0625 mm). Single 
crystals larger than this size are counted as mineral grains (see below).
Lt =  L + Q p
TREATMENT OF ROCK FRAGMENTS DURING POINT COUNTING
Point counting procedures restricted lithic fragments to microcrystalline 
aphanitic materials containing no crystals larger than 0.0625 mm. Larger single 
crystals were counted as mineral grains. The original tally sheet distinguished separate 
clastic particles and large crystals within the various types of rock fragments but they 
are combined within this work. Aphanitic volcanic rock fragments were counted as 
lithic fragments when the microscope crosshair centered above part of the groundmass 
of a volcanic rock fragment or a microphenocryst <0.0625 mm. Larger phenocrysts 
were counted as mineral grains. Constituent crystals within coarser grained rock
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 8 0
fragments (granitic or quartzite) were commonly large enough to tally as individual 
mineral grains.
This treatment of rock fragments reduces the effect of grain size on sandstone 
compositions. Counting all polycrystalline particles as lithic fragments will result in a 
disproportionate count of lithic fragments in coarse-grained sandstones than in fine­
grained sandstone, in which rock fragments have generally disintegrated into individual 
mineral grains.
FINE-GRAINED CHERT, CHERT-SERICITE, AND SERICITE AGGREGATES
Many of the Schoongezicht and Moodies sandstone samples included a complete 
spectrum of grain types from pure chert through fine-grained mica and chert 
aggregates to fine-grained mica aggregates. During the point counting procedures, 
grains with >90% GMC were considered chert and counted as Qp; grains with 10 to 
90% mica were counted as mica and chert aggregates and included in L; grains with 
<10% GMC and ^90% mica were classified as sericite aggregates and counted separately 
but also included with L in this report.
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